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ABSTRACT 
Soil variability within the Blackball hill soils was investigated 
in some small catchments near Reef ton. Soil-landscape relationships 
within "this area were assessed and summarised in terms of a generalised 
model. 
Techniques were devised to map and describe the extremely variable 
soil pattern. Recent concepts of defining and relating soil map units 
to soil profile classes and landscape bodies were found to be particularly 
useful in establishing map delineations. Three such delineations 
were distinguished, and although based on landscape features and 
morphological evidence, they were generally supported by differences 
in measured soil parameters. 
Variations in pH, bulk density, particle size, oxidisable carbon, 
total nitrogen and phosphorus, poorly-ordered forms of aluminium and 
iron, and clay mineralogy were shown to support the concepts of 
translocation of materials implicit in both the soil caterp and soil-
landscape systems models. 
Clay mineralogical data indicated that alternative weathering 
cycles could replace each other as pH values, and organic matter levels, 
altered during the course of soil development. 
CHAPTER 
I 
CONTENTS 
INTRODUCTION 
1.1 
1.2 
. 1.3 
Background and location 
Study objectives 
Physical setting 
1. 3 . 1 C 1 i rna te 
1.3.2 Geology 
1.3.3 Physiography 
1.3.4 Soil parent material 
1.3.5 Vegetation 
PAGE 
1 
1 
1 
2 
2 
3 
6 
8 
9 
II THE ROLE OF MODELS IN THE STUDY OF 
III 
2.1 
2.2 
2.3 
2.4 
2.5 
SOIL SYSTH~S 
Introduction 
Some modelling trends in pedogenesis 
Functional units of study 
10 
10 
10 
14 
2.3.1 The soil catena 15 
2.3.2 $oil-landscape-system 18 
2.3.3 Some applications to this study · 23 
Aspects of slope development 24 
2.4.1 Erosion processes 25 
2.4.2 Erosion processes in study area 27 
Soil-landscape relationships 30 
SOIL SURVEY 36 
36 3.1 Introduction 
3.1.1 Aims of soil survey 36 
3.2 Rationale of soil taxonomy ~7 
CHAPTER PAGE 
3.2.1 Soil profil e cl asses 38 
3.2.2 Soil map units 39 
3.2.3 Landscape bodies 40 
3.2.4 Cost-scale-uti'lity 
confl icts 41 
3.3 Soil variability 44 
3.3.1 Sources of soi 1 vari abil ity 45 
3.3.2 Soil variability and landscape 
positions 47 
3.4 Soil survey procedure 48 
3.4.1 Criteria used to establish 
soil profile classes 51 
3.4.2 Horizon nomenclature used 
in study 55 
3.4.3 Description of soil profile classes 57 
3.4.4 Relationship of the provisional 
soil profile classes to those 
described in previous surveys 77 
3.4.5 Establishment of soil map units 80 
3.4.6 Location of soil profile classes 82 
IV CHARACTERISATION OF SOIL PROPERTIES 84 
4.1 Soil sampling design 84 
4.1.1 Sampling method 85 
4.2 Analytical procedures 86 
4.2.1 Sample preparation 86 
4.2.2 Choice of analyses 87 
4.2.3 Ion movement and ch~mical 87 
weathering 
CHAPTER PAGE 
v 
VI 
4.2.4 Analytical methods for 
physical, chemical and 
mineralogical parameters 
4.2.5 Diagnostic criteria for clay 
89 
mineral identification 94 
4.3 
4.2.6 Quantitative determination of 
clay-sized minerals 
Results and discussion 
4.3.1 Physical parameters 
4.3.2 Chemical parameters 
4.3.3 Mineralogical parameters 
SOIL FERTILITY 
5.1 
5.2 
Soil-vegetation relationships 
Nutrient cycling 
SUMMARY 
ACKNOWLEDGEMENTS 
REFERENCES 
TABLES 
FIGURES 
PLATES 
APPENDICES 
99 
102 
102 
107 
127 
150 
150 
154 
161 
LIST OF TABLES 
TABLE 
1. Derivation of soil map units . 
2. Proportion of soil profile classes within 
compound soil map units. 
3. Differing proportions of two soil map units. 
4. Bulk density, % field moisture, % moisture and 
loss-an-ignition. 
5. 
6. 
pH and CEC. 
Oxidisable C, total Nand C/N ratio. 
7. Mean values for oxidisable C, total Nand 
C/N ratio. 
8. 
9. 
10. 
Oxalate-extractable Si02, Al 203 and Fe203. 
Mean values for oxalate-extractable Si02, 
A'203' and Fe203. 
Total P for selected profiles. 
11. Quartz (100)/plagioclase (002) intensity 
ratio for silt fraction (20-2 Alm). 
12. Mineralogy of the (<.. 2 Alm) clay fraction. 
PAGE 
187 
188 
188 
189 
193 
197 
202 
203 
208 
209 
212 
214 
FIGURE 
1. 
2. 
3. 
LIST OF FIGURES 
Locality diagram 
Climatic data for Reef ton and Westport 
Landscape terminology used in thesis 
4. A hierarchy of valley basin systems within 
catchment 4 
5. 
6. 
Slope profiles 
(i) Slope profile for nose 
(ii) Parent materials 
(iii) Stream incision 
7. Soil-landscape-relationships: Blackball hill 
soils of the Mai Mai area 
8. 
9. 
A hierarchy of landscape bodies 
Derivation of soil profile classes 
10. Percentage distribution of field observations of 
soil horizon thickness and consistence 
11. Percentage distribution of fiel 'd observations 
of soil horizon texture and stoniness 
12. Percentage distribution of field observations 
of soil horizon kind and grade of structure 
. . ~ 
13. Soil profile class distribution in an idealised 
nose to hollow transect of a valley basin at the 
(a) high and (b) low cross-section levels 
14. Soil profile class distribution down an 
idealised section of a valley basin nose 
15. Location of sampling sites in study valley basin 
16. Texture triangle for six samples prepared for 
mineralogical analysis. 
PAGE 
216 
217 
218 
219 
220 
221 
223 
225 
226 
227 
. 229 
230 
231 
FIGURE 
17. Texture profile based on fractionation 
during mineralogical analysis. Catena 
in hollow zone. 
18. Texture profile based on fractionation 
during mineralogical analysis. Catena 
in nose zone. 
19. Soil pH depth functions - Catenas in 
nose and hollow zones. 
20. 
21. 
Soil pH depth functions - Catenas 4 and 5 
Soil pH depth functions - Catenas 3 and 6 
22. Oxidisab1e carbon depth functions - Catenas 
in hollow and nose zones. 
23. 
24. 
Soil organic matter depth functions - Catenas 
in nose and hollow zones. 
Soil organic matter depth functions - Catenas 
4 and 5 
25. Total nitrogen depth functions - Catenas in 
26. 
27. 
28. 
29. 
30. 
31. 
hollow and nose zones. 
Oxalate-extractable Si, Al and Fe - Catena 
in hollow zone 
Oxalate-extractable S;, Al and Fe ~ , Catena in 
nose zone. 
Oxalate-extractable Si, Al and Fe - Catena 4 
Oxalate-extractable Si and A1 and Fe -
Catena 5 
Oxalate-extractable Si, Al and Fe - Catena 3 
Total P depth functions - Catenas in hollow 
and nose zones 
32. crc depth functions - Catenas in hollow and 
nose zones 
t 
PAGE 
232 
233 
234 
235 
236 
23:7 
238 
23,9 
240 
. 241 
242 
243 
244 
245 
246 
247 
FIGURE PAGE 
33. X-ray diffractograms of ~2JUm fraction from 
samples 3.3, 3.4, 3.5 and 3.7. 248 
34. X-ray diffractograms of <2"um fraction from 
samples 6.3, 9.3, 6.8 and 9.7. 249 
35. X-ray diffractograms of",2...um fracti on samples 
10.3, 12.3, 10.6 and 12.6. 2.00 
36. X-ray diffractograms of~2-um fraction from 
samples 14.3, 14.6 and podzo1 E1 and E2. 251 
.. .. 
LIST OF PLATES 
PLATE PAGE 
1- Ma i Ma i hill s looking Northwest from Reef ton 7 
') 
Lookout 
2. Ma i Ma; hill s from road to Reef ton Lookout 7 
3. Soil profile class I 59 
4. Soil profile class 2 62 
5. Soil profile class 3 65 
6. Soil profile class 4 69 
APPENDIX 
1. 
2. 
3. 
4. 
5. 
6. 
LIST OF APPENDICES 
Geological time scale 
Botanical names 
Correlation between the FAD-UNESCO classification 
and the New Zealand Genetic Classification 
FAD-UNESCO soil horizon designations 
Profile descriptions of sampled soils 
Papers of Tonk; n et a 1 (1977) and Young et a 1 
(1977) 
PAGE 
254 
255 
256 
257 
259 
277 
--
CHAPTER I 
1 
INTRODUCTION 
BACKGROUND AND LOCATION 
Proposals to convert existing native to exotic forest in the 
Grey-Inangahua Depression, Westland, have led the Forest 
Research Institute (F.R.I.) to establish a number of 
experimental catchments in the Mai Mai area, near Reef ton. 
These catchments form part of the Tawhai State Forest, 
which lies to the west of the Reef ton Saddle. The majority 
of the forest is drained by the Mawheraiti River, but some 
parts drain to the Inangahua River. The main area 
investigated in this study is catchment 4 (Figure 1), a 
small representative catchment of about 2 hectares lying 
at the western end of the experimental area (N.Z.M.S. 
538/267327). However, other catchments were also 
examined during the course of the project. 
The experimental area is approximately 22 kilometres by 
road from Reef ton. 
1.2 STUDY OBJECTIVES 
One of the aims of the F.R.I. research programme is to use 
the catchments as part of a long term experiment to assess 
the hydrologic effects of various forest management 
practises (Pearce et al, 1976). This current project was 
designed to complement the F.R.I. studies, by providing 
information about the soils within the area. In so doing 
it would also complement Other related South Island hill 
country soil studies such as Gibbs et al (1950); N.Z. Soil 
Bureau (1968); I.B. Campbell (1975) and Mew et al (1975). 
The objectives of this study are threefold. 
(a) From an examination of exposures along roads and tracks 
to develop a soil-landscape model that describes in 
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general terms the soil-regolith-slope relationships 
within the Blackball hill soils of the Mai Mai area. 
(b) To examine in detail the soil distribution in a first 
order catchment selected as a study area. 
(c) Within this catchment to undertake a sampling programme 
to study the catenary relationships of the soils, 
including such features as profile morphology, clay 
mineralogy, soil chemist~y and parameters that describe 
the nutrient status of the soils. 
1.3 PHYSICAL SETTING 
1.3.1 CLIMATE 
The climate of the West Coast of the South Island is 
characterised by mild temperatures and a high evenly 
distributed rainfall. The Inangahua Depression ;s separated 
from the coast by the Paparoa Range and as a result, it ;s 
less wet and has a slightly higher temperature range than the 
coast. (Figure 2). 
Mean annual rainfall at Reef ton is 1920mm for the period 
1904 - 1975 (range 1354 - 2680mm). There is a slight 
spring maximum ;n October and November and a summer minimum 
in February. Rainfall;s higher in the Mai Mai area, with 
a mean annual figure for the period 1963 - 1975 of 2610mm. 
The average number of rain days at Reef ton is 186 per annum 
(1904 - 72), and the mean annual temperature is 10.90C, with 
an average of 65 frost days per year. (N.Z. Meteorological 
Service, 1966; 1973; Mew et al, 1975; Pearce et al, 1976). 
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1. 3.2 GEOLOGY 
The following discussion is based on geological reports 
by Suggate (1957, 1965, 1973) and Kingma (1973). 
(a) Pre - Quaternary GeolQ9Y 
The basement rocks of the Reef ton area are thought to 
originate from pre - Paleozoic* times. They consist of 
two classes of sedimentary rocks - the Waiuta and Greenland 
groups. Both contain extremely indurated sandstones and 
mUdstones. 
The Paleozoic .and Mesozoic epochs are represented by small 
isolated deposits of breccia and coal measures, but Tertiary 
sediments are more widespread. The Tertiary history of the 
region is thought to be one of deposition of both marine 
and terrestrial sediments. The thickness of the freshwater 
quartzose coal measures, marine sandstone and limestone 
of the lower Tertiary beds ranges from a few metres to more 
than 1000 metres, reflecting the tectonic instability of this 
region. Upper Tertiary deposits of marine and freshwater 
sandstone, siltstone and conglomerate are about 1000 metres 
thick. 
(b) Quaternary Geology 
As the Kaikoura Orogeny gathered momentum in early Pleistocene 
times, the Grey-Inangahua Depression or graben was formed 
by down faulting between the horsts of the Paparoa Range 
to the west and a series of mountain blocks to the east. 
The soft Tertiary beds that capped these slowly rising fault-
mountain blocks have been mostly eroded off, although there 
* Geological time sequence is presented in Appendix I 
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are still some small remnants of coal bearing sediments 
in the foothills around Reef ton. Portions of the Tertiary 
formations that occupied the Grey-Inangahua Depression 
now lie buried beneath a great depth of Pleistocene gravels. 
(i) Old Man Gravels 
The period of sedimentation evidenced by the Old Man Gravels 
is thought to correspond to early Pleistocene erosion from 
uplifted mountains to the east and west. This erosion may 
have been further enhanced during times of mountain 
glaciation during this time. The lower beds of the Old 
Man Gravel Formation are dominantly schist derived from the 
main axial ranges, whilst the upper beds are predominantly 
granite and sandstone. 
In topographically lower parts of the Grey-Inangahua 
Depression the upper beds of the Old Man Gravel Formation 
were eroded prior to their subsequent burial by late 
Pleistocene fluvio-glacial gravels. However in topographically 
higher parts, the Old Man Gravels stand out as a bel~ of 
dissected hills that lie to the east of the Mawheraiti Valley. 
The Old Man Gravels are well consolidated conglomerates. 
They have been somewhat tilted and folded, and are strongly 
weathered throughout, forming a thick regolith (up to 1500m) 
in which smaller sandstone and granite clasts can be broken 
by hand. It is assumed that these deposits were weathered 
to thei.r rusty-brown colour in situ, as only less weathered 
clasts would survive the effects of corrosion during 
fluvial transport. In the course of the study, it was 
observed that clasts occupy about eighty percent of the 
Old Man Gravel Formation. The remainder consisted of 
coarse sandy loam textured matrix materials. 
(ii) Late Pleistocene Glaciations 
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Today the greater part of the Grey-Inangahua Depression is 
covered by fluvio-glacial outwash of late Pleistocene age 
which has been interpreted by Suggate (1965) as having 
formed during the successive Waimaungan, Waimean and Otiran 
glaciations. The Waimaungan glaciation was the largest of 
these glaciations, extending its ice sheet from both the 
Paparoa and Victoria Ranges, over the foothills to the very 
foot of the mountains. Reef ton township 'is at the edge of 
this maximum advance of ice. Moraine and f1uvio-g1acial 
outwash aggradational surfaces from these glaciers now form 
the high terraces that flank the valleys of the region. 
The gravels are noticeably more strongly weathered than 
those associated with the two subsequent glaciations and 
in places have been tectonically folded and tilted, 
suggesting that they were deposited during the earlier part 
of the upper Pleistocene. The advancing ice from these 
two glaciations formed narrow valley glaciers which did not 
extend much beyond the hills. In the succeeding interglacial 
periods, the riVers cut degradational terraces in the 
fluvio-glacial deposits, so forming the spectacular flights 
of terraces to be seen in the Grey or Inangahua valleys 
(Ross et a1, 1977). 
1. 3.3 PHYSIOGRAPHY 
Suggate (1957) reports that the Reef ton district is 
composed of three major physiographic components: 
(a) the granite Paparoa Range to the west 
(b) the Grey-Inangahua Depression 
(c) the pre-Paleozoic indurated sandstone foothills 
of the Victoria range on the east. 
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The Grey-Inangahua Depression is a tectonically controlled . 
valley about ,80 kilometres long by 8 kilometres wide. 
Within the depression physiography can be further sub-
divided into three components: river flats, terrace land 
and hill country. The latter covers the greatest area 
(Mew et al, 1975) and is underlain by roc~s of three main 
age groups. The youngest are the Old Man Gravels. These 
stand out within the Depression as a 24 x 6 kilometre belt 
of dissected hills, that lie to the east of the whole length 
of the Mawheraiti Valley from Donkey Creek to Blackwater 
(Suggate, 1957). The present study was conducted in these 
hills. 
Suggate reports further that these hills are about 300 to 
400 metres high. However, local relief in the F.R.I. 
Exp~rimental Catchment . Area is lower and within the range 
100 - 150 metres. (Pearce et al, 1976). These authors also 
report that slopes are short (less than 300 metres) and slope 
gradients steep with most slopes exceeding 250. The mean 
slope angle for the catchments studied was approximately 350. 
All catchments within the F.R.I. Experimental Area have a 
southerly aspect. 
PLATE 1: Mai Mai hills looking Nortn West from Reef ton 
Lookout. Paparoa Range in background. Reef ton 
racecourse at lower right of photograph 
PLATE 2: Mai Mai hills from road to Reef ton lookout. 
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The hills underlain by Old Man Gravels are characterised 
by a high density drainage pattern. All the catchments 
of the F.R.I. Experimental Area drain to Powerline Creek 
(informal name), a northern tributary of the t1awheraiti 
River. 
1.3.4 SOIL PARENT MATERIAL 
8 
Soils within the study area are mapped as Blackball hill 
soils (N.Z. Soil Bureau, 1968b; Mew et al, 1975). These 
soils have developed from the underlying soft, weathered 
conglomerate and colluvium derived from this source. 
Suggate (1957) reports that the conglomerate consists 
principally of schists, schist - derived quartz with some 
granite and indurated sandstone. In the course of the soil 
survey associated with the present study it was observed that 
sandstone and granite appear to be the more important 
rock types in- the conglomerate of the Mai Mai region. 
What contribution loess has made if any, is unknown. Young 
(1967) described loess accumulations on the West Coast of the 
South Is1a~d, but, unfortunately his studies were confined 
to the glacial terrace land. Mew et a1 (1975) suggested 
that a proportion of loess is present on the intermediate and 
high glacial terraces in the northern section of the Grey-
Inangahua Depression, but these authors made no comments with 
regard to loess in the hill country. If loess was present in 
the Mai Mai landscape one might expect to observe a uniform 
mantle on all land surfaces of low slope angle (<100 ). No 
such observation was recorded for the terrace land adjacent 
to the study area. 
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In fact the soils on these fans, mapped as Mai Mai soils by 
Mew et al (1975), are dominantly stoney throughout their 
profiles. It therefore seems unlikely that any appreciable 
quantity of loess is present in the hill country. 
1.3.5 VEGETATION 
r~ost of the forest cover of the hill country within the 
Depression has never been logged. Typical forest in the 
study area is beech - podocarp - hard wood forest (PB5) 
dominated by *hard beech, rimu, and kamahi, with red beech, 
miro, quintinia, Hall's totara, southern rata, and silver 
beech as subdominant species (Pearce et al, 1976). 
Under the prevailing forest cover, erosion is minimal. 
Mew et al (1975) report that where slopes are steep some 
earth slip erosion has occurred, usually where forest has been 
partially cut over. Undercutting o.f slopes by rivers has 
also led to slumping. 
* Botanical names are given in Appendix 2. 
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CHAPTER II THE ROLE OF MODELS 
IN THE STUDY OF SOIL SYSTEMS 
2.1 INTRODUCTION 
The natural soil system is very complex. In order to simplify 
it soil scientists construct models which can be more easily 
handled either manually or mentally (Bertels and Nanta, 1969). 
Models can take a variety of forms and serve many purposes. 
Dijkerman (1974) has characterised them into two main types, 
concrete models and conceptual models. These may also 
function as either observational, experimental, descriptive, 
explanatory or predictive models. 
At any given time the prevailing concepts of the soil are 
the result of knowledge gained prior to that point. 
Consequently, any model can only be as good as the current 
state of understanding allows. Because a model normally 
leads to a new or modified picture, better than that already 
existing, each successive model will ultimately destroy 
itself through the studies it inspires. Models are therefore 
the platforms or devices, upon or by which scientific research 
is performed. 
2.2 SOME MODELLING TRENDS IN PEDOGENESIS 
Since the early work of Dokuchaevin Russia, soil scientists 
have been trying to describe the main factors that define 
the soil system, and to quantitatively evaluate the 
relationships between these factors and soil properties. 
Jenny (1941, 1958, 1961) has been a major contributor in. 
this field. He related the five basic factors (state 
factors) in his well known equation 
S = f (cl, 0, r, p, t .... ) 
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Where S represents the soil, c1 the climate factor, 0 the 
biotic factor, r the topographic factor, p the parent 
material, t time and the dots after t unspecified factors 
such as airborne additions of dust or salts which may have 
local significance. 
Several critiscisms have been made of the use of state factors 
in the study of soils. Some of these are outlined by 
Crocker (1952) and Bunting (1965). One of the chief 
objections i~ that Jenny's general equation has never been 
quantitatively solved. Another problem is that one learns 
a lot about the factors but little about the soil. However, 
Barshad (1964) reports that despite this drawback, the 
state factor approach still has a lot to recommend it in the 
study of soil forming processes and the rate at which they 
proceed. In addition, the state factor approach is valuable 
in predicting the soil properties likely to be encountered 
at any particular site. It is perhaps pertinent at this 
point to make a clear distinction between the soil factors 
and soil processes. Mani soil processes act together to form 
the soil at any site, whilst the factors define the state of 
the system under study. Simonson (1959) viewed the formation 
of a soil profile as the combined effects of additions to the 
ground surface, transformations within the soil, vertical 
transfers (up or down) within the soil, and removals from 
the soil. Consequently, if one knew precisely the combinations 
of factors that describe a soil system, the soil properties 
would ' likewise be precisely known. That is, a change in any 
factor would result in a change in the soil. However, the 
state factors still have not been precisely defined and 
such conclusions are not always valid. 
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The ~ealisation that Jenny's equation might never be solved 
initiated a new approach which saw attempts to embrace a 
proper appreciation of the processes of soil development, 
rather than examine an assemblage of factors which had 
conditioned development (Yaalon, 1960). Simonson's 
simple descriptive model, mentioned above, is an example of 
this approach. Later, Yaalon (1971) extended Simonson's 
model to incorporate time, thereby embodying the concept of 
soil as a dynamic system. The theoretical basis of Jenny's 
functional approach has not been successfully challenged 
(Yaalon, 1975). As already noted, one of its chief constraints 
is that it cannot be solved. This is largely a consequence 
of the general definitions employed which do not permit it 
to be truly quantitative. Runge (1973) tried to.overcome 
this problem and modified Jenny's equation to create a more 
operational model for soil formation. In essence, ~unge's 
model states that soil development is a function of organic 
matter production, the amount of water available for leaching 
and time. While more specific. than Jenny's model, it still 
has limitations. Yaalon (1975) criticised it because it 
is only a partial view of the whole soil system and would 
therefore have only limited applications, for example, certain 
processes such as deposition of colluvial and alluvial 
materials and mass movement of materials cannot be studied 
by application of Runge's model, nor does it consider parent 
material. 
Soils of contrasting morphology are not necessarily the 
result of the operation of different processes. 
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Appreciation of this fact has led to the introduction of 
multiple hypothesis models (Arnold, 1965; Morris, 1970). 
These reflect the current theories of soil development or 
pedogenesis, which emphasise the variable rates of processes 
in soil differentiation as well as the implication that 
different soils may have travelled different pathways. 
As a result, these models, which were developed to explain 
observed soil features, can be expres~ed as sequential models 
each depicting an alternative mode of development. 
Kline (1973) described how systems analysis co~ld be applied 
to soil development studies, reiterating an earlier 
suggestion of Schelling (1970). The latter author proposed 
a model of soil genesis in which emphasis was laid on the 
fact that the state factors actuate the commencement of 
certain processes, but also that the processes form the 
essential link in the genesis of the soil. 
input output 
black box 
state factors~lsoil forming processesl~- -) soil 
In the study of this system, Schelling suggested that 
consideration should be given to the parts separately, as well 
as to their mutual relationships. He also suggested 
elaboration of larger models, such as landscapes, with systems 
theory. 
In the systems approach to a problem, Kline (1973) reports 
that the aim is to look primarily at the core behaviour of the 
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system without being diverted by the vast flood of detail 
that is available. He questions in fact, whether it would 
ever be possible to reconstruct the behaviour of a ~omplex 
system such as the soil from detailed observations. Hence 
Kline stresses the need to develop models that deal with 
the laws of a system and not its bewildering array of component 
parts. 
If the aim is to study the soil from a systems viewpoint, a 
question that immediately arises is at what level should the 
soil system be investigated, or in other words, what should 
be the functional unit of study. 
2.3 FUNCTIONAL UNITS OF STUDY 
Dijkerman (1974) subdivided soil systems into six categories, 
ranging from the highest level of organisation, the soil 
continuum through to the lowest level, microstructural units. 
(a) Soil continuum 
(b) Soil landscapes 
(c) Soil landscape bodi es 
(d) Soil horizons 
(e) Macrostructural units (peds) 
(f) Microstructural units 
Huggett (1975) is of the opinion that the problem of delineating 
functional soil system units cannot be divorced from the level 
of soil landscapes. He notes that although some progress 
has been made in describing three-dimensional soil entities 
(Hole, 1953; Schelling, 1970), the actual functioning of soil 
landscapes has received little attention. This he believes 
is probably because of the restrictive concept that a "soilll 
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contains only small variations from a model type and the 
notion that the vertical movements of material are far more 
important in soil profile development than movements 
tangential to the surface. If we assume that laterial 
movement of material is equally as important or maybe more 
important than vertical movements, then it becomes pointless 
to simply study small functional units. Instead, it may 
be more meaningful to operate at higher levels of soil 
organisation? at least above level 4 (soil horizons) in 
Dijkerman1s subdivision. Taking this perspective, Huggett 
(1975) has proposed the soil landscape as the proper functional 
unit of study. 
The fact that soils have shape and area, breadth and width, 
as well as depth, and that the real soil unit is in fact a 
part of a three-dimensional landscape has been recognised for 
many years e.g. Kellogg (1949). However, soil scientists 
have usually studied the soil at the lower functional levels, 
dominantly at the level of the soil horizon, and its.allied 
equivalents, the soil profile (two-dimensional) and the pedon 
and soil tessera (three-dimensional). This probably 
results from a tendency of many workers to study and map 
soil units that exhibit maximum within unit homogeneity. 
2.3.1 THE SOIL CATENA 
Topography, or local relief, controls much of the distribution 
of soils in the landscape (Birkeland, 1974). In fact the 
topographic influence is such, that soils of markedly 
contrasting morphologies and properties can merge laterally 
with one another and yet be in equilibrium under existing 
local conditions. Topography is one of the five basic factors 
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that define the state of the soil system (Jenny 1941). 
Not all scientists hold this viewpoint, for example Joffe 
(1949) believes that topography merely conditions the other 
state factors. Whatever opinion one holds, there is no 
denying that soil properties vary laterally with topography, 
usually as a result of some combination of microclimate, 
hydrological changes, pedogenesis and surface geological 
processes. Sorting out the effects of these on soil 
distribution is difficult, prompting Birkeland (1974) to 
note that the fields of pedology and geomorphology probably 
. 
overlap here more than with any other pedologic factor. 
Situations like this can ' be incorporated within the catena 
concept. Milne (1936) introduced this term to describe 
Iia regular repetition of a certain sequence of soil profiles 
in association with a certain topographyll. A single catena 
(Latin = a chain) embraces both residual and colluvial 
parent materials, but it is restricted to one climate zone. 
In the sense that Milne used the term, a catena is a 
geographically related group of soils. Watson (1965) 
records that there has been some discussion as to whether 
the component soils of a catena must be associated 
geographically in a continuous sequence. Milne originally 
used the catena as a mapping unit, and as a consequence the 
soils were physically linked together, but Bushnell (1942) 
challenged this view point. He redefined the catena to 
include all possible hydrologic situations on a given parent 
material, under a uniform climate, whether or not the soils 
were associated in a continuous sequence; These two definitions 
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have differing applications and both are widely used 
(Watson 1965). Morison (1949) proposed that a soil catena 
be considered in analogy with an individual soil profile as 
containing an eluvial, colluvial and illuvial complex. 
The eluvial complex or zone loses material by solution and 
water transport to the colluvial (or transluvial) zone of 
predominantly lateral solute transfer, which in turn loses 
material to the illuvial zone of partial solute accumulation 
further downslope. This approach has been reiterated by 
HaTIsworth (1965) and Blume (1968), with the later reporting 
that soils of a landscape influence each other in their 
development, especially on hilly terrain where perched water 
connects soils with one another and differentiates their 
properties. Glazovskaya (1968) also emphasised the 
importance of water movement as a unifying factor within a 
catena. He reports that lateral migration of chemical 
elements links soils of adjacent elevations, slopes and 
depressions into a single geochemical whole. As a consequence 
the catena can be used in a modelling sense to enhance 
understanding of soil distribution and pedogenesis on hilly 
terrain. Some writers, such as Dan and Yaalon (1964) 
regard the catena as the basic functional soil unit, while 
many others have used the concept to resolve topographically 
related soil distribution patterns; for example, 
Hallsworth et al, 1952 and Gunn, 1974 in Australia; 
McKeague, 1965 in Canada; Dan Yaalon and 
Kojumdjisky, 1968 in Israel and Smeck and Runge (1971) 
in the U.S.A. 
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Although it has enjoyed popular usage, Huggett (1975) does 
not believe the catena qualifies as a true functional unit. 
While conceding it is a better functional framework than 
other models so far discussed, Huggett reasons that only 
where flow lines run straight and parallel from watershed 
to stream channel can the two-dimensional catena have strict 
validity. Where this is not the case, translocation of soil 
materials within the landscape is a three-dimensional process. 
As a result, Huggett (1975) proposed the use of a soil-
landscape-system as the functional organisation unit of both 
geomorphic and pedological materials. Despite this short-
coming, the catena is likely to continue to play an 
important role in facilitating the understanding of both 
soil distribution and pedogenesis for many years to come 
e.g. Conacher and Dalrymple (1977). 
2.3:2 SOIL-LANDSCAPE-SYSTEM 
Huggett (1975) proposed the soil-landscape-system as a 
functional unit to study soil systems. As with the ~atena, 
many of the concepts inherent in Huggetts model are relevant 
to the current study. It will therefore be profitable 
to spend some time discussing this model in more detail. 
"A soil-landscape-system, or valley basin, is bounded by the 
soil surface, by the valley watershed and by the weathering 
front at the base of the soil" (Huggett, 1975). Such 
systems are therefore objective geographical bodies of soil 
which possess functi onal un; ty but not necessari ly homogenei ty 
of soil properties. The concept is essentially similar to 
the erosional drainage basin of geomorphology except that it 
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does not need to contain a "permanent" stream, that is, 
valley basins may be dry valleys. The underlying 
assumption of the model is that there exist in the landscape 
definable · flowlines of material which are organised into 
soil-landscape-systems. In a catena or toposequence, 
where the contours should be strictly parallel, the flow-
lines ran straight. However, in a topographic setting where 
contour curvature is present, as is the rule in fluvially 
eroded lands~apes, the flowlines · seldom run parallel 
down slope because of divergences and convergences arising 
from contour curvature. . As a consequence, both the 
vertical and lateral components of water movement are 
p 
largely under the influence of slo~~ configuration, for 
example on convex noses*, flowlines are divergent but in 
the concave hollow zone, they tend to converge with a 
consequent larger volume of water in these zones. 
In situations where the lower layer's of soil are of low 
permeability (low hydraulic conductivity), or where soil is 
thin, or during periods of prolonged or heavy rain, the 
lateral flow component parallel to the soil surface will tend 
to obscure the vertical water component, normal to · the soil 
layers. Bear et a1 (1968, cited in Huggett, 1975) report 
that even in a normal layered hill soil where hydraulic 
conductivity decreases with depth into the soil, the combined 
hydraulic conductivity vertically downward is always smaller 
than the combined hydraulic conductivity down slope parallel 
* The landscape terminology used in this thesis 
is illustrated in Figure 3. 
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to the layers. Huggett points out that when viewed over 
extensive areas, the lateral pattern of the lines of flow 
are seen to be organised into distinct units separated by 
drainage divides. These units operate as open systems, 
with the thalweg, or stream, of one valley basin joining 
that of another to form a complex network of valley basins 
within the landscape. The total network of valley basins 
may be broken down by recognizing a hierarchy of valley 
basin thalweg segments. Huggett (1975) has adopted the 
ordering system of Shreve (1966), and as a consequence all 
fingertip valley basins are specified as magnitude .one,. 
and where two first-magnitude valley basin thalwegs meet, 
a valley basin of magnitude two is formed and so on. 
Under this system of ordering the magnitude of each thalweg 
link in the total network reflects the number of first-
magnitude valley basins feeding it (Figure 4). Valley 
basins at all levels of the hierarchy, and the interbasin 
areas, are all soil-landscape-systems{Huggett, 1975) .. 
Because valley basins may be dry valleys, it is possible 
for several of these soil-landscape-systems to be incorporated 
within an erosional arainage basin. By definition the 
drainage basin must contain a "permanent stream". 
Therefore in a first order drainage basi~ (or catchment) 
such as catchment 4 in the F.R.I. Experimental Area there 
are several valley basin units. (Figure 4). 
Huggett distinguishes two scales of study within the valley 
. basin approach. At the higher level, individual valley 
basins or valley basin networks can be examined to 
investigate the energy and material balance regimes of 
the earth-atmosphere system. An example of this scale 
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is the work of Bormann and Likens (1967) who reported broad 
measurements of weathering based on precipitation and 
drainage water analyses in the Hubbard Brook Catchment, 
New Hampshire. At the lower level of investigation, 
the soil forming processes within an individual valley 
basin can be studied. To facilitate this, Huggett defined 
a series of linked subsystems on the basis of soil material 
constituents. These are nested within the valley basin 
e.g. skeletal, plasmic and soluble subsystems. The 
skeleton and plasma are components of" the solid phase, 
separated on the basis of physical and physiochemical 
properties, with the smaller sized mobile constituents 
representing the unstable and very active soil plasma. 
The soluble subsystem incorporates elements in the soil 
solution. Since soil is a continuum from solid to solution, 
the subdivisions are for convenience rather than accuracy. 
Huggett (1973, 1975) has demonstrated mathematically that 
the redistribution of plasmic material is organized within a 
three-dimensional soil landscape unit. Using computer 
simulations to record changes in the concentration of 
plasmic material, Huggett showed that material moved down 
all slopes. One nose lost material along most of its 
length while the other nose lost material in its upper 
convex section and gained some material in its lower 
concave section. The hollow thalweg showed a gain of 
material at all sites except the valley head. Huggett 
pOints out that this gain of material in the hollow zone 
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is just a temporary build-up which given time would disappear. 
The peak concentration value travels as a wave down the 
valley sides toward the thalweg, along which it will 
eventually move. According to Huggett, this process 
pattern is similar in the drainage basin to the passage 
of water through the soil on the valley sides and into the 
stream during a single storm. Different constituents 
will move through the system at different rates because 
each constituent has a characteristic relative mobility. 
As a consequence, mobile ions such as sodium and potassium 
would pass out of the valley basin as a wave of material 
relatively quickly compared to a less mobile element such 
as aluminium (Polynov, 1951). 
Huggett (1976) monitored the lateral translocation of soil 
plasma through a small valley basin in Hertfordshire. 
His field conclusions supported his conceptual model, with 
larger amounts of material moving towards the hollow than 
along the nose. 
The valley basin model has several advantages compared to 
previous modelling approaches (Huggett, 1975), three are 
mentioned here. Firstly, the basic soil system elements 
are clearly defined, and flux of materials in other geosystems 
is therefore connected explicitly with the soil itself. 
This precludes the use of crude climatic indices and 
neces~itates the use of components of the energy and water 
2.3.3 
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balance of the earth-atmosphere system which have far more 
relevance to soil genesis. Secondly, the flux of materials 
in, through and out of the soil system is referred to a 
three-dimensional soil-landscape unit, and thus the system 
boundaries are defined. Thirdly, change of the system 
through time can be directly studied by computer simulation. 
The major disadvantage of the model is that it makes no 
allowance for interactions between the three arbitarily 
defined subsystems. Consequently, soil properties, such 
as cation exchange capacity, resulting from interaction 
between the solid and solution phases can not be adequately 
accommodated within such a framework. 
SOME APPLICATIONS TO THIS STUDY 
Under the prevailing environmental conditions of high 
rainfall, strongly weathered parent materials, forest 
vegetation and deeply dissected topography, the soil 
distribution pattern within the study area was expected 
to be complex. In such a situation the study of small 
randomly selected soil units such as the pedan per se, 
may not be very helpful in interpretating soil distribution 
or understanding pedogenesis. It was therefore decided 
to examine the soils of the study area within a larger 
frame of reference, such as the catena and valley basin. 
By operating at these high organisational levels, it was 
felt that it would be possible to obta i n a better idea of 
soil relationships within this heterogeneous mantle. 
Kline (1973) stressed the need to concentrate on the core 
behaviour of the system rather than deriving a mass of 
detailed data and simply hoping that a "big picture" 
of soil formation will clearly emerge. By using the 
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valley basin of Huggett (1975) as the functional framevJOrk, 
it should be possible to perceive the core behaviour and 
therefore come to some conclusions about soil-landscape 
relationships within the hills of the Mai Mai area. Use 
of the catena concept would aid this process, since this 
also provide~ a framework by which it is possible to 
relate adjacent soils on slopes even though they may not 
be homogeneous. Not that this is a problem where the 
functional unit of study is large, because Ruhe and Walker 
(1968) reported that the process of weathering acts to 
weld the various soils in a landscape into an overall set, 
which could be expressed by a unifying mathematical function. 
As a consequenc~, soil-landscape relationships were 
studied within a first order valley basin. The soil 
distribution pattern within this three-dimensional landscape-
body was described by analysis of an array of two-dimensional 
catenas (Tonkin et al, 1977). On the basis of this data 
it should then be possible to come to a clearer understanding 
of the spatjal variation of soils within the study area, 
and ultimately pedogenesis as well. 
2.4 ASPECTS OF SLOPE DEVELOPMENT 
A knowledge of the erosion processes operating on hillslopes 
is useful in permitting a better understanding of soil-
landscape relationships. 
Hillslopes are systems where force and resistance are 
continually opposed. The degree to which the slope is 
stable therefore, depends on the balance between forces 
promoting erosion and the shear strength forces resisting 
erosion. Gravity forces, water pressure and tension 
forces, water fJow forces, raindrop impact forces and 
expansion forces are all important in promoting erosion, 
whereas plane friction, interlocking forces, effective 
normal force, cohesion, moisture content and vegetative 
cover all act to reduce erosion. 
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Erosion processes relevant to the study area come under 
what Sharp (1938) has classified as mass movements. 
According to Selby (1970) mass movements are defined as 
the displacement of soil and rock on slopes under the 
influence of gravity without the aid of water as a 
transporting agent. Mass movements classified as soil 
creep, falls, slides and flows may all have been important 
factors in the development of slopes in the Mai Mai area. 
2.4.1 EROSION PROCESSES 
(a) Soil Creep. The slow downs10pemovement of the regolith as 
a result of the net effect of n10vements of its individual 
particles is classified as soil creep. Normally movement 
is slow but at a steady rate under the influence of low 
shear stress. Soil creep is usually a surface phenomenon 
because shear strength generally increases with depth. 
In the creep process, steadily acting gravity stress combines 
with expansion and contraction derived from moisture and 
temperature changes to create a volume change in the soil. 
Because the disturbance of one ·particle applies stresses 
to other particles, a chain of movement is set up. Rate 
of movement is often greatest on the lower slopes where 
material often has a finer texture and higher moisture 
content. 
Creep is not confined to soil, but rock creep and talus 
shift also occur. In these cases movement is caused by 
thermal expansion and contraction of the rock and the 
formation of ice beneath the scree. 
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(b) Eal1..5. These are usually associated \vith steep rock faces 
maintained by erosion. 
slopes will build up. 
common. 
Unless debris is removed, talus 
Soil falls also occur, but are less 
(c) Slides. In this process movement results from shear 
failure along one or more surfaces within the slide. 
Slides are classified on the basis of the amount of deformation 
of material. If little deformation occurs then the moving 
mass is called a slump, rotational slide or block glide; 
but if the slide material is greatly deformed and broken 
into many small components it is more likely to be termed 
a rock or debris slide. Shallow slides are the most common 
form of instability on natural slopes, but if the soils 
have a high clay content, deep seated slips also occur. 
(d) Flml/s. Materials eroded by this process usually have the 
form of viscous fluids. Slip surfaces within these 
failures are usually short-lived or non-existent, and the 
boundary betl"een the movi n9 debri s and the underlyi ng 
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coherent material may be a sharp zone of plastic deformation. 
There is a continuous sequence of flows from debris 
avalanches to debris flows as the proportion of included 
water rises. 
Normally flows are triggered during or soon after intense rain 
storms. As they move they erode a channel in the soil, 
usually leaving levees of coarse material on either side 
of the channel where the mare fluid part of the flow moves 
downslope. 
2.4.2 EROSION PROCESSES IN THE STUDY AREA 
The forest vegetative caver exerts a strong protective 
influence against erosive stresses operating in the Mai Mai 
area. In addition well developed soil structure, large 
pore spaces and favourable textures facilitate rapid 
infiltration of surface water after it is trapped and 
diverted by the abudance of fine roots at the soil surface. 
A combination of these factors reduces the amount of 
potentially erosive overland flow. As a consequence, the 
soil mass remains relatively stable, despite the steepness 
of the terrain and the high rainfall environment. 
In a study of rapid mass movements in the Hunua Ranges, 
Pain (1971) observed that flowages was the dominant movement 
under forest, with sliding becoming more important in 
pasture situations. Neither of these processes are important 
in catchment 4 under the existing vegetation, but they could 
possible occur in other larger catchments, where a greater 
volume of water in the streams would increase the chances 
of slope undercutting and resultant slope failure. 
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It would therefore appear that slow mass movements such 
as soil creep are the dominant erosion processes operating 
in the study area. Evidence of these processes is 
difficult to observe, as the soil mantle lies hidden 
beneath a thick covering of organic matter. Because of 
variations in thickness within this organic layer resulting 
from debris cores, roots and decomposing timber, the forest 
floor has allhummockyll pattern of micro relief making 
observation difficult. This disguises the influences of 
s 1 0\,1 mass movements . 
. Although wind is not a causal agent of erosion in the 
heavily forested catchments of the Mai Mai area, it does 
appear to be indirectly responsible for most of the 
disturbances observed. Because the trees are shallow 
rooted and growing on steep terrain, they become less 
securely anchored either as a result of a saturated soil 
mantle after prolonged rain or because of old age. Whatever 
the cause, trees are subject to wind throw and often bring 
down others as they fall, leaving scars in the soil mantle 
and a tangled jumble of trees and/or branches. The later 
effect was commonly observed in the main catchment stream 
and in some of the hollow zones. 
Although the soil mantle is relatively resistant to the more 
spectacular and highly destructive erosion phenomena, 
there is no guarantee it will remain so should the forest 
cover be disturbed or removed. In many instances a 
greasy poorly cohesive layer of humic stained material was 
observed at the interface of the soil mantle and the 
underlying conglomerate. Often this material was wetter 
than the overlying soil, suggesting that infiltrated 
water flows along the surface of the conglomerate, after 
percolating through the solum. At present the amount of 
water at this juncture is not high enough to cause slope 
failure, but this could well change if the vegetation is 
removed and additional water builds up in this zone. 
Under current forest management practises, the litter 
and slash resulting from milling are often burnt before 
replanting. Such forestry practises would further 
decrease the protective nature of vegetation by removing 
the material best able to absorb the high rainfall. As a 
consequence, there would most likely then be sufficient 
water available to induce both water initiated and mass 
movement erosive processes. 
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O'Loughlin and Pearce (1976) reported that, after forest 
removal, slopes underlain by late and early Pleistocene 
gravels were more stable than areas of similar topography 
underlain by Tertiary sediments. : . Although these conclusions 
are based on studies conducted in the southern section of 
the Grey-Inangahua Depression, similar trends could be 
expected further north. Studies on slope stability are 
currently being undertaken in the F.R.I. Experimental Area. 
Although not incorporated in the classification of Sharp 
(1938), loss of soil material via solution is likely to be 
a important factor in the high rainfall environment of 
the study area. Consequently, even though vegetation plays 
a major role in preventing major slope failures, it is 
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quite conceivable that significant quantities of material 
have been removed from the system via the solution phase 
of Huggett's (1975) model. In fact loss of material via 
this sybsystem may be more important in the forest clad 
Mai Mai region than the more obvious erosion phenomena. 
2.5 SOIL-LANDSCAPE RELATIONSHIPS 
The distribution of soil properties on sloping topography 
has been shown to be related to both slope gradient and the 
position of the sample with respect to the distance 
downslope (Action, 1965; Kingston, 1968; Furley, 1971; 
Whitfield and Furley, 1971~ Campbell, 1973, 1975; Hanna 
et al, 1975; Anderson and Furley, 1975; and Koreleski, 1975). 
In addition, morphological soil differences on slopes 
have been explained in terms of contrasting regolith 
materials (Leslie 1973 a,b). In this section the objective 
is to develop a model that will explain in general terms the 
soil-regolith-slope relationships within the Blackball 
hill soils of the F.R.I. Experimental Area. 
Observations of the soil-landscape relationships were made 
by examination of exposures along the main access road 
and the perimeter track in catchment 9. As the latter was 
cut during the course of this study, it afforded a unique 
opportunity to investigate IIfresh" soil profiles. These 
observations were supplemented by information gathered 
during a soil survey in catchment 4. 
As previously described in Section 1.3.2, the hills within 
the study area are underlain by Old Man Gravels of early 
Pleistocene age. How these deposits were transformed to 
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the strongly dissected present day land form is beyond 
the scope of this study. Nonetheless, an area 
characterised by similar dissection pattern was studied by 
Leamy (1972) in a range of Central Otago hills underlain 
by Greywacke gravels of comparable age to the Old Man 
Gravels Formation. Leamy concluded that most of the fine-
textured dissection was a relict feature from a time when 
climatic conditions were different to the present semi-arid 
environment. Cotton (1963) also discussed the origin of 
finely-dissected relief. He emphasised that a running-
water morphogenetic system was very efficient at producing 
fine textured sculpture with high drainage density in a 
humid temperate climate. Given the strongly weathered 
condition of the Old Man Gravels, it seems plausible that 
running water during both past and present times could be 
the main cause of the deeply dissected relief pattern 
observed today in the Mai Mai hills. 
Despite being strongly weathered, a feature of the 
conglomerate is the strong interlocking between component 
clasts. As a result, the Old Man Gravels are able to stand 
steeply and sustain high slope angles. For example, there 
are areas within most of the F.R.I. Catchments where the 
stream has incised part of the valley floor. Although 
slope lengths bordering th~ stream are short, usually in 
the range of 2-5 metres, they are often inclined at angles 
of greater than 600. Similarly, many other slopes within 
the study area are greater than 350 . 
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Slope morphology is fairly consistent throughout catchment 
4, with commonly two types of slope profile. Both are 
convex in their upper parts, but differ in the lower slope 
positions where they are either uniformly concave into 
the stream or thalweg, or partially concave before changing 
abruptly to a steep short incised .slope close to the hollow 
or valley floor (Figure 5). 
Although the soil mantle varies in thickness across the 
landscape there is a consistent trend between soil depth, 
regolith and topography within the valley basin units. 
The majority of slopes are mantled by various thicknesses 
of colluvium, mostly in the range of 50-100cm but in places 
up to several metres thick. Conglomerate and colluvium are 
therefore the soil parent materials of the area. 
The colluvium mantle is very thin or absent on the higher 
parts of the landscape but thickens towards the lower slope 
positions (Figure 6(ii)). The same trend occurs between 
noses and adjacent hollows (Figure 7). As a resulti 
soil parent material is conglomerate or colluvium in the 
nose zone, but it is dominantly colluvium in the hollows. 
Because of incision of drainage lines these trends do not 
always hold true on the lower slopes. Often the soils 
within anincised region are shallow, and formed either 
directly on conglomerate or on shallow colluvium. 
(Figure 5 and 6(iii)). Incision is common along the middle 
section bordering the stream in catchment 4, but in some 
cases it has been obscured by colluvium deposited subsequently. 
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The noses of each valley basin are normally best defined in 
their middle regions (Figure 6{i)}. Where nose zones abut 
~ith the watershed of catchment 4 they are less well 
differentiated and normally merge as a smooth slope. 
Similarly, at the lower or stream end the nose commonly 
fades out to be replaced by what Huggett (1975) has termed an 
interbasin area (Figur~ 6(1)). When this is the case flow-
lines are not deflected into the adjacent hollows but 
diverge towards the main catchment stream. In many cases 
the slope morphology is such that this interbasin area is 
actually functioning as a small valley basin unit. As a 
result the soils developed within such sites tend to 
resemble the mottled soils of the hollow zone rather than 
the podzolised YBE's and podzols formed further up the nose. 
Figure 7 summarises the soil-landscape distribution pattern 
observed in the study area. These diagrams depict a 
typical valley basin \lJithin catchment 4, a first order 
erosional drainage basin. Figure 7a illustrates the 
likely situation if one traversed this valley basin at a 
high level or altitude. Figures 7b and 7c represent 
comparable situations in the middle and lower sections. 
At the high level, parent material in the nose zone is 
either conglomerate or a thin layer of colluvium, and the 
soils developed at these sites are normally shallow podzols. 
Colluvial deposits thicken toward the hollow with a 
corresponding trend of increasing soil depth. Soils in 
the side slope zone are a mixture of YBE's, podzolised 
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YBE's and other minor classes described in section 3.4.3. 
In the hollow zone, the soils reflect the influence of an 
increased volume of water and are consequently moderately 
and strongly mottled. Occasionally gley podzols were 
found in this position. 
A similar kind of soil-landscape pattern is observed in the 
middle cross-section (Figure 7b). By now colluvium is the 
parent material of all soils at this level. As a 
consequence, soils in the nose zone are generally thicker 
than was the case in the high cross-section, but still not 
as deep as the accompanying hollow soils. On the nose 
soil classes are now podzolised YBE's and YBE's, but within 
the sideslope and hollow zones soils are still similar to 
those discussed for the high traverse. As a result of 
increased water movement through the hollow zone, erosion 
has been more active and created a bigger elevation contrast 
between nose and hollow. 
A similar situation arises in the lowest cross-section 
(Figure 7c), where most of the water collected within the 
valley basin is draining through the hollow zone at this point. 
Although the hollow has been downgraded, often to the point of 
incision, elevation contrast is not so marked because the 
nose zones are generally less well differentiated at this 
lower level. As a consequence of the higher volumes of 
water in this slope position soils within the hollow tend 
to be gley~rather than mottled as occurs in the hollow 
zone at the high traverse. Since a true nose is not always 
present, soils tend to be different to nose zone soit upslope, 
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and are normally deep and variously mottled. The amount 
of mottling observed depends on the size of this small 
valley basin and the resultant throughput of water. In 
the intervening sideslope zone soils are similar to those at 
the high and middle cross-sections although they tend to be 
wetter. Where the hollow is incised the lower sideslope 
soils are often shallow and usually gleyed as a result of 
an increased concentration of water passing through such 
sites. The likely soil-regolith association before and 
after incision was illustrated in Figure 6(iii). Incision 
was not observed in the upper regions along the valley floor 
in catchment 4, and consequently soils in these positions 
tend to be deeper compared to soils in similar slope positions 
in the middle segment of the catchment. 
In summarising, it can be stated that the soil pattern is 
related to landscape features in a characteristic way. 
Figure 7 models the soil-regolith slope relationships 
that were observed but because there is a large area .under 
forest not examined, it is possible that exceptions do occur. 
Nonetheless, on the basis of what was observed, Figure 7 
provides an adequate summation of the soil-landscape relation-
ships, and it is therefore reasonable to assume that the 
same trend will be observed in the other catchments of the 
F.R.I. Experimental Area. 
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CHAPTER III SOIL SURVEY 
3.1 INTRODUCTION 
Initially this chapter outlines the objectives and rationale 
of soil survey, before discussing some causes of soil 
variability. Then the soil survey procedures adopted in 
the current study of Blackball hill soils in the Mai Mai 
area are presented. These include the recognition and 
description of soil profile classes and soil map units. 
3.1.1 AIM OF SOIL SURVEY 
According to Beckett and Burrough (1971a) the aim of soil 
survey is to equip someone by means of a soil map and memoir 
to answer questions about the soils of an area, or points 
of interest in it, more precisely and/or with less trouble 
than could be done without them. Beckett and Burrough 
suggest that some of the questions to be answered are: 
I(a) What kinds of soil (i.e. what classes of soil) are presen~? 
(b) In what proportions do they occur? 
(c) What are their properties? 
(d) What proportions of the area are occupied by soils with 
particular properties, or particular ranges of one or more 
properties? 
2(a) What is the soil class of any site of interest in the area? 
(b) What are the properties of the soil at any site of 
interest in the area? 
3(a) Where can soils of a particular class be found in the area? 
(b) Where can soils of particular properties be found in the area? 
Some of these questions can be answered solely from the 
resulting soil map, some from its accompanying memoir, and 
some from a combination of both. In terms of usefulness 
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the map is often the more important, since it provides both 
the geographic frame of reference (Simonson, 1971) and 
the vehicle by which the knowledge gained in the survey 
may be effectively organised. Consequently, a primary 
aim of any soil survey should be to resolve the soil 
resource into "packages" or mappable units \-/hich can be 
located by means of the soil map. This would enable the 
map user to predict relevant soil conditions of sites of 
interest without first having to visit them (Bie and 
Beckett, 1971a). 
3.2 RATIONALE OF SOIL TAXONOMY 
Webb (1976) summarises the different soil classifications 
and soil mapping theories that are recorded by authors 
such as Knox (1966) and Schelling (1970) regarding the 
nature of soil and its geographic variability. In any 
classification scheme soil individuals, classes and the 
soil universe are inherently related. Therefore to avoid 
confusion later on, it is important at this point to note 
differences in the underlying philosophies of soil taxonomy. 
(a) The soil universe is essentially particulate i.e. soils 
are formed as natural discrete individuals. 
(b) The soil universe is non-particulate, but continuous, 
i.e. soil individuals are artificially constructed. 
Between these extremes is an intermediate approach which 
considers that soils exist as natural individuals, but the 
classes are constructions. Webb (1976) concluded that recent 
trendi have tended toward the second approach which is the 
view point of Knox (1965). 
3. 2.1 
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SOIL PROFILE CLASSES 
Starting with the assumption of the soil mantle as a 
continuous non-particulate universe, it becomes obvious 
that any class definitions must be arbitary in nature. 
The basic components of the soil universe are therefore 
arbitarily created, artifical individuals (a.i:s). 
In line with Knox (1965), a.i:s can be defined as the 
smallest natural body that can be distinguished as a thing 
in itself; therefore, the criteria for determining a.i. 
will vary depending on the nature or the objective of the 
study. Units such as the pedon (Soil Survey Staff, 1960), 
tessera (Jenny, 1958) or pedounit (Fitzpatrick, 1974) are 
examples of a.i. but a ten centimeter sampling core or a 
two metre sampling pit could just as easily be used, for 
these also have fixed dimensions. 
In this study two a.i.s are discussed. Initially (as in 
this chapter) a.i. refers to a two-dimensional soil profile 
as revealed by a spade or soil auger, but in Chapter IV 
a.i.will refer to depth increments within the soil profile 
sampled using a 10cm diameter Jarrett auger. 
Artificial individuals are then grouped into soil classes. 
As a result, a soil profile class (s.p.c.) will follow the 
us ., .~ of Northcote (1960) as an artificial grouping of 
described profiles \vhere each profile conforms to a set of 
morphological criteria. Any soil individual will fall 
within a particular s.p.c. if the properties of that a.i. 
conform to those of the class established. 
b 
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3.2. 2 SOIL MAP UNITS 
Soil map unit (S.M.U.) refers to a group of soils that occur 
together in a landscape but not to a class of soils. The 
definition of a s.p.c. groups profiles according to their 
similarity, while a soil map must group them according 
to their *contiguity (Avery, 1969). S.M.U.'s are formed 
by grouping one or more like or unlike s.p.c. IS, with the 
s.p.c.(s) normally providing the basis of S.M.U. description 
and identification. Bie and Beckett (1971a) report 
that where he can, the soil surveyor delineates areas 
occupied dominantly by one s.p.c. These are simple S.M.U. 's 
where all the information recorded about the s.p.c. applies 
equally to the majority of the corresponding S.M .U. 
Where the soil pattern is complex it is not possible to 
delineate areas occupied by one s.p.c., and in these 
situations compound S.M.U. 's containing several s.p .c.'s 
or groups of s.p.c. 's are delineated. 
Simple S.M.U. - single dominant s.p.c. e.g. soil types, 
phases, variants. 
Compound S.M.U. - two (or more) like s.p.c. e.g. soil series, 
soil families. 
two (or more) unlike s.p.c. e.g. soil 
associations,landsystems, soil sets, soil 
complexes. 
progressive change in s.p.c. e.g. soil 
catenas. 
* -Webb (1976, p31-33) has illustrated many of the differences 
between the s.p.c. and S.M.U. 
3.2. 3 
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LANDSCAPE BODIES 
The soil Mantle can also be subdivided into various coherent 
segments called soil bodies. Knox (1965) introduced the 
term soil landsca pe unit as an objective (not arbitary) 
geographical body of soil. He defined this soil body as a 
spatial aggregate of a.i)s with lateral boundaries being 
determined by the geographic pattern of change in soil 
characteristics according to objective boundary criteria. 
The most universal boundary criterion is discontinuity, but 
because sharp lateral discontinuity is rare, Knox suggested 
the use of less extreme maxima in the lateral rate of change in 
soil properties, as these are more common. When these 
maxima are correlated with surface features, the soil 
landscape unit provides the basis for accurate and efficient 
soil mapping. To avoid confusion between soil and landscape 
boundary criteria, Schelling (1970) subdivided the soil 
landscape unit into two further soil bodies. The first he 
called a soil landsca pe body , where maximum lateral r~te of 
change of soil characteristics is used as the boundary criterion. 
The second he termed a landscape body, where the maximum lateral 
rate of change of landscape characteristics is used as the 
boundary criterion. Although Schelling attempted to clarify 
the issue, the names he chose for these terms are probably 
too similar to completely achieve this. Nevertheless, 
his separation does mean that the landscape body concept 
can be employed as a mapping unit, embodying soils that can 
be homogeneous or heterogeneous. For example, a landscape 
body could include the complete range of a drainage catena, 
i.e. the soils of a catena are a.i!s within the soil universe 
3.2.4 
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delineated by the landscape body. 
Landscape bodies can be subdivided into various levels of 
organisation. At a high level it may be useful to consider 
the landscape of a region, say the hills of the Mai P~i 
region (Figure 8). The soils of this area have already 
been mapped on this basis as Blackball hill soils (N.Z. 
Soil Bureau, 1968; Mew et al, 1975). At lower levels 
landscape bodies could refer to first order drainage catchments 
or to a valley basin within a first order catchment. At a 
still lower level the nose and hollow zones could constitute 
landscape bodies. 
Because it is a geographic unit it is possible that several 
S.M.U. IS are located within a single landscape body. 
e.g. landscape body = 5 S.M.U.1 + 2 S.M.U.2 + 1 S.M,U'3' 
The extent to which this occurs depends on the scale of 
mapping and the complexity of soil pattern, both of which 
are considered in the next section. 
COST-SCALE-UTILITY CONFLICTS 
Scale imposes two limitations on soil maps. Firstly it 
determines the smallest area of land that can be delineated, 
and secondly, it determines the soil map units that should be 
represented. With respect to the latter, it is often 
assumed that ~n increase in scale automatically fixes the kind 
of mapping units to be used. Since such an assumption takes 
no account of the complexity of soil distribution, it is not 
necessarily valid. Therefore, choice of S.M.U.ls should be 
related to both soil complexity and scale. The level of 
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s . p.c , to be used is al so dependent on these facto rs . 
S.p.c. IS occur at different level s in a classification and 
at successs;vely higher level s each class definition a11 0\"5 
a greater range of va l ues for diagnostic properties and 
nonnall y a smaller number of properties . At comparabl e 
sea 1 es the defi ned s . p. c .. s wi 11 tend to be broader i f tile 
soil distribution pattern is complex, and have narrower 
li mits where so il s are more homogeneous. In the l atter 
situati on the s . p.c, may be quite exclusive with on ly a 
li mi ted amount of all o\'/abl e variability. Thi s is especia ll y 
so at l ower levels of s .p.c .'s at a detai l ed sca le of mapping. 
As a consequence , the purity of the S. I1 .U. may be l ow 
because of inclusions "/ithin the ITklpp ing unit not incorporated 
within the rigid s.p . c . defi ni tion . At a higher category of 
s.p .c., definitions are more re l axed , therefOl~e what was an 
inc lusion or impurity in the fo rmer case , is nO\'1 encompassed 
by the cl ass definition. Bie and Beckett (1971a) report 
that the precision of informat i on that the text can provide 
about soil s decreases with the incl usiveness of the s.p . c . 
and/or the compl exity of the S. M.U. According to these authors 
both compl exity and i nclusi veness shoul d be minimised durin9 
the mappi ng process and spec ifi ed on the l egend or map. 
Because of confl; cts bebleen cons i del~il ti ons such as these , 
it i s important that the scale of mapping be dil' ectl y related 
to the intensity of land use. For exampl e , there i s little 
value in S.~1.U . IS sma ll er than the mi ni mum management area or 
l arger than the maximum management area (Beckett and \~ebster , 
1971) . 
-
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Such considerations of map utility have considerable 
implication to the costs of soil survey. Cost and utility 
has been discussed at length by several workers, e.g. Bie 
and Beckett (1970); Beckett (1971); Beckett and Burrough 
(1971a,b); Burrough, Beckett and Jarvis (1971) and Bie and 
Beckett (1971a,b). One major conclusion they draw is 
that cost increases sharply with the purity to be achieved. 
Consequently, policy decisions can have a large bearing 
on the utility of the resulting map e.g. map scale and 
survey procedure are often fixed before a survey commences. 
This usually also fixes the kind of S.M.U. employed and 
the level at which s.p.c.'s are defined. However, for 
greatest utility it would probably be better initially to 
randomly traverse the survey area to determine the complexity 
of ' soil pattern, and choose a map scale and S.M.U. 's on 
the basis of what was observed. Using this approach, the 
field situation is assessed before any final policy decisions 
are formulated, and this would surely lead to far better 
value for money than predetermining the scale and mapping 
units before the survey. 
Initially the soils within the study area were surveyed at 
a scale of 1:253,440 in the course of reconnaissance 
mapping of the South Island (N.Z. Soil Bureau, 1968). 
Since then the area has been resurveyed at a scale of 
1:63,360 (Mew et al, 1975), however, it is doubtful whether 
the extra utility derived from this more detailed survey 
would offset the costs incurred. As a consequence, the 
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aim of the current soil survey was to examine a small area 
of the F.R.I. Experimental Catchments in great detail 
(approximately 1:1000). This would enable a thorough 
evaluation of soil complexity, and therefore lead to a 
better map of higher utility which could be realistically 
extrapolated to the rest of the F.R.I. area. 
3.3 SOIL VARIABILITY 
Soil is a dynamic resource. When the soil surveyor 
attempts to subdivide this continuum of variation into 
mappable units questions need to be asked as to the validity 
of assuming "that an the soil mapped as one class has 
equal potentialities" (Beckett and Webster, 1971). 
Often what is assumed to be a homogeneous segment of soil 
on the basis of a soil map can turn out to be anything but 
homogeneous when examined more closely e.g. McCormack 
and Wilding (1969). Beckett and Webster (1971) reviewed 
some studies related to soil survey and revealed that often 
the soil variability within soil map units is greater 
than the variability between map units. Other workers have 
also noted that many assumptions regarding the purity of 
soil mapping units are invalid, generally because the 
named soi1profile class does not occupy the proportion of 
mapping units specified in the text. There;s therefore a 
need for soil surveys to pay more attention to accurately 
assessing and documenting the variation within mapped 
packages of land. Studies by Sturdy (1971) and Webb (1976) 
show that this approach is feasible. 
3.3.1 SOURCES OF SOIL VARIABILITY 
There are many causes of variations in soil properties 
from point to PQint in a landscape. Beckett (1976) 
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notes that in some cases these changes occur abruptly, 
while in others soil variability increases in a uniform 
fashion. Some causes are only applicable to cultivated 
landscapes, whereas others apply to both natural and 
cUltivated landscapes. ' Beckett and Webster (1971) have 
outlined the origin of some of these sources of variation. 
(a) Natural Landscapes 
(i) Parent Materials Soils formed on transported materials 
tend to exhibit more variability than soils weathered 
from bedrock in situ. In the former case, variation is 
usually pronounced over short distances, while in the latter, 
variation may be more gradual. Butler (1959) reported 
that variation can occur in recurrent patterns across the 
landscape. 
(ii) Climate Differences in shelter or aspect can produce sharp 
di sti ncti ons in soil patterns; either di rectly, or as 
they influence accretions of loess or other aerosol additions. 
These differences are reduced as soil development proceeds 
towards its ultimate state. Continental gradations in 
climate present more gradual changes in soil, and are, 
in fact, the basis of genetic soil classifications. 
e.g. New Zealand Soil Bureau (1968, Part 2). 
(iii) Topograp~ On the regional scale differences in altitude 
can lead to variations of soil properties, but on the 
local scale, dissection and associated deposition of eroded 
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materials often results in a recurring pattern of landforms 
and thereby to a repeatable pattern of dissimilar soils. 
e.g. Mi1ne ' s (1936) catena. At a lower level still, 
short range changes in micro-relief and drainage can 
introduce differences in soil saturation and aeration. 
(iv) Biological Activities Biological agencies are often 
responsible for localised variations in soil distribution. 
These may be the uptake of nutrients a.nd/or wat.er, or 
their concentration beneath the tree canopy. Biological 
effects are often well expressed in tropical situations 
(Kang, 1977; Kang and Moorman, 1977). Patterned 
vegetation, tree-throw, termite mounds etc all produce 
heterogenity more rapidly than it can be smoothed out by 
diffusion and mixing. In the study area, increased 
leaching potential associated with beech trees (Campbell, 
1974) often results in the formation of podzo1s. 
Parent material, climate, topography and biota do not act 
in isolation; their combined effects are normally 
superimposed. If they and the processes they condition 
are operative over short distances then variability v'lill be 
introduced in all sampling areas regardless of size. 
Conversely, long range or regionally controlled processes 
\"i11 only make noticeable contributions to the variability 
of larger sampling areas. 
(b) Cultivated Landsca pes 
Additional sources of variation are introduced where the 
soil is subject to human management. Ov er short distances 
intensive grazing produces urine patches richer in some 
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nutrients than adjacent unaffected areas. 
Similarly, cultivation practises such as ploughing or 
subsoiling can introduce variations in soil texture and 
moisture regime. Placement of fertiliser in drill rows 
or on some paddocks and not others also increases soil 
heterogeneity. 
3.3.2 SOIL VARIABILITY AND LANDSCAPE POSITION 
The soil survey associated with the current study was 
carried out in a forested catchment under the impress of 
most of the naturally occurring sources of variation. 
As erosion processes have been and are currently active 
within this landscape, the soil distribution pattern is 
influenced by interaction between geomorphic and pedogenic 
processes (Huddleston and Riecken, 1973). The 
cUlmination of all these effects is the complex present 
day pattern of contiguous soils. In section 2.5 it 
was noted that the soil distribution mosaic was not of 
a random nature, but rather there was a correlation betvJeen 
soil pattern and topographic position. This regular pattern 
of soil variation can be understood further by an 
examination of the catenary relationships of these soils. 
Such an approach does not make the distribution pattern 
any less complex, but does enable propositions to be made as 
to VJhy and hO\',i such val"iation arises. By using this 
approach it should be possible to understand and account for 
the likely variations in soil map units in hilly areas. 
3. 4 
(a) 
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SOIL SURVEY PROCEDURE 
Reconnaisance Survey 
Two days were spent examining exposures revealed as the 
skidder track round the perimeter of catchment 9 was 
being cut. In combination with what was seen along the 
access road, this information provided an indication of 
the range of soils likely to be encountered, the kinds and 
degrees of differences between them, and soil-landscape 
relationships. 
(b) Base map Preparation 
A combination of several factors led to the preparation of 
a base map for the soil survey. Firstly, it was discovered 
that the study area, catchment 4 in Figure 1 was quite 
small (approximately 2ha). As a result the aerial 
photographs of the region were at a scale that was too 
extensive to delineate map units at a detailed scale of 
mapping. The contour lines of maps based on aerial 
photographs in bush clad terrain tend to be those of 
the forest canopy adjusted by an assumed average canopy 
height or of the canopy itself) Which is not always 
correlated to the land surface. It was therefore decided 
that the enlargement of aerial photos to the desired scale 
and using this as a base map would lead to problems, since 
it would not mirror the actual topographic relationships 
within the study area. Consequently, a base map was 
prepared at a scale of approximately 1:500 by traversing 
the area on foot using a compass, tape-measure and abney 
level. While this approach would also lead to errors, it 
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would at least provide a good indication of ground surface 
configuration in catchment 4, which would enable the 
soil-landscape pattern to be more realistically mapped. 
(c) Physiography of catchment 4 
Results of the reconnaisance survey showed that there was 
a definite and repeatable relationship between the soil 
distribution pattern and topography. These observations 
in association with the findings from the actual soil survey 
proper formed the basis of the soil-landscape model discussed 
in section 2.5. Briefly stated, there are a number of 
noses branching off the watershed of catchment 4 towards 
the main stream of this first order catchment. In 
combination with the adjacent hollow zones, these landscape 
features form a repeatable pattern of valley basins within 
catchment 4. 
(d) Main Survey 
The procedure of free soil survey (Burro~gh, Beckett and 
Jarvis, 1971) was used rather than grid survey, sinc~ 
there was a close relationship between soil pattern and 
landform. 
Consequently it was possible to subdivide catchment 4 
into three landscape bodies: noses, sideslopes and hollows. 
These three landscape bodies recognised can be correlated 
With the three zones within a catena, as described in section 
2.3.1 and discussed further in chapter IV. The nose 
landscape body corresponds to the upper eluvial zone, 
the sides10pe landscape body corresponds to the middle 
transluvia1 zone, and the hollow landscape body corresponds 
to the lower i1luvial zone. 
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Using the landscape bodies as a basis, provisional map 
units were then delineated on the prepared base map. 
Within these three landscape delineations the soil pattern 
was determined by randomly traversing the catchment 
stopping from time to time to determine the soil profile 
class at any point by the use of a one-metr~ 2.5cm 
diameter screw-auger or spade. Not only did this 
approach confirm the provisional mapping delineations 
but it also indicated the degree of complexity within 
these mapping units. 
(e) Grid Survey 
Because the soil distribution pattern was complex, a grid 
survey of one valley basin within catchm~nt 4 was carried 
out as a means of illustrating the spatical relationships 
of the soil profile classes identified in the survey. 
The hummocky microrelief, density of vegetation and 
steepness of the terrain meant that the grid intercepts 
of this sample survey could of necessity only be approximately 
located, but this was all that was required. Consequently, 
soil individuals were examined at about 10 metre intervals 
by traversing the valley basin back and forth at about 
10 metre contour levels i.e. a 10 x 10m grid intercept. 
Only selected morphological features were examined in 
this small survey; these included profile form, depth, 
texture and consistence. 
(f) Map Construction 
Four maps were constructed as part of the survey. These 
are located in a pocket inside the back cover. Map 1, which 
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was the most detailed was based on the grid survey at 
a scale of 1:330*. Map 2 at a scale of 1:500 shows the 
distribution of the three landscape bodies identified 
within the catchment and the associated map units. 
Map 3 at a scale of 1:1000 'was derived from map 2 and 
illustrates the dominant soil map units within each 
delineated landscape body. Maps 1, 2 and 3 are directly 
related to catchment 4 in the F.R.I. Experimental Area, 
but since th~ soil-la.ndscape pattern is the same \'Jithin 
other catchments, there is little reason to believe that 
the soil mapping pattern found in catchment 4 should not 
apply equally well to the other study catchments. Map 4-
at a scale of 1:10,000 is an attempt to relate all soils 
within the F.R.I. area by grouping them into soil 
associations. Two groupings were constructed, freely 
drained nose and sideslope soils and poorly drained hollow 
and valley floor soils. 
* All map scales are approximate except the 
1:10,000 soil association map. 
3.4.1 CRITERIA USED TO ESTABLISH SOIL PROFILE CLASSES 
(a) Development of Critical Criteria 
At the detailed scale of mapping in the survey catchment, 
s.p.c. IS would of necessity be at a low level of organisation 
within any classification scheme, and would consequently be 
reasonably exclusive. However, the recognition of s.p.c.ls 
and their degree of allowable variability is dependent 
on the criteria developed to define these classes. 
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In choosing criteria several factors need to be taken into 
consideration. Initially land use must be considered. 
If this is agriculture or forestry, then it is important 
to choose criteria which \llill be useful in terms of plant 
responses. In this regard two things are vitally 
important; 1. a source of nutrients and, 
2. an adequate but not excessive supply of "'Jater. 
As a result, criteria selected need to be related to the 
water balance and root volume of the soil. When criteria 
are based on these parameters, the resulting soil map 
should be more useful to its user. 
Although there are an abundance· of soil properties which 
could be selected as criteria, some will be better than others 
because they are relatively more permanent. Beckett and 
Webster (1971) have examined several soil properties and 
grouped them on the basis of the manner in which they were 
likely to be affected by management. 
Group I least affected: sand, silt, clay, plastic 
and liquid limits, thickness of horizons, 
total P 
Group II moderately affected: organic matter, cation 
exchange capacity, total N 
Group III - most affected: available P, Mg, Ca, K. 
Group III properties were found to be consistently more 
variable than the other two groupings, therefore there would 
be little point in using such rapidly changing properties 
to define s.p.c. '5. In addition, plant root systems can 
often integrate short term SQ~l variations and so 
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consequently on the basis of Group III properties alone, 
s.p.c. criteria would be almost meaningless. Group I 
type properties are more permanent, changing only very 
slowly with time and hence would be more realistic criteria 
to use. 
Another important consideration is that s.p.c.'s need 
to be able to be recognised in the field, and consequently 
need to be based on parameters that can be determined 
easily. Gross differences in profile form are important 
in this regard because they can be detected either visually 
or by hand sensory methods. Such morphological features 
incorporate the slowly changing group· I properties and 
because these are easily recognised and less variable, 
they are usually given more weighting in terms of importance 
as soil profile class criteria than more rapidly changing 
properties. The latter parameters are usually measured 
in the laboratory to supplement the field observations. 
Soil properties selected as class criteria should also 
exhibit a maximum amount of accessory pr~perties, and 
therefore once one property is known other features can 
automatically be inferred, e.g. an eluvial horizon is 
usually indicative of low pH conditions and low base 
saturation. Consequently, the principle of covariance 
permits a considerable reduction in the number of criteria 
that need to be specified in the definition of a s.p.c. 
However, to be beneficial to the soil survey user, all such 
accessory properties should be specified. 
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(b) Criteria Chosen for recognition of s.p.c. 
Subdivision of the soil continuum of variation to yield 
classes is normally carried out in successive stages of 
a classification using different criteria or sets of 
criteria. The result is a system which consists of a 
succession of levels or categories. 
In this study the continuum is subdivided at only two 
levels. The criterion at the higher level is the form 
of soi 1 profil e. The concept of the II soil form" was 
proposed by Eyk, Macvicar, andde Villiers (1969) to 
include all soils that have the same kind and number of 
diagnostic horizons arranged in the same vertical order. 
Using this approach five characteristic profile forms were 
recognised, which using the terminology of the N.l. Genetic 
Classification (N .l. Soil Bureau, 1968) could be provisionally 
described as: 
TECHNICAL NAME 
Podic Soils 
Madenti-podic soils 
Fulvic-podic soils 
Fulvic soils 
Madenti c soil s 
CO~lMON NAME 
Podzol s· 
Gley podzols 
Podzolised lowland ye11ow-
brown earths (y B E) 
Mottled Y B E's* 
Gl ey soil s 
Correlation between the above terms and those of the 
FAD-UNESCO system is given in Appendix 3. 
*Mottled V B E's are not a separate class within the 
N.l. Genetic Classification but are included under 
fulvic soils-lowland Y BE's. 
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These forms were subdivided at the second level using a 
single criterion, soil depth. Two depth classes were 
es tab 1 i shed ,O-20cm and 20-70cm of mi nera 1 soil. On thi s 
basis podzols and gley soils were recognised in both 
classes but the other three forms all belong in the 
deeper category. Derivation of these seven soil profile 
classes is illustrated in Figure 9. 
Often criteria such as topsoil texture have been used 
to establish s.p.c.'s at lower categories in a classification 
system. This criterion would be unsatisfactory in this 
study since A horizons are almost always silt loam?, 
regardless of profile form. 
In terms of plant responses it is hoped that the two criteria 
chosen will lead to a good indication of the root volume 
available to be explored as well as the water balance, e.g. 
s.p.c.'s 1, 2 and 4 are found in nose and sideslope zones 
and are normally well-drained whereas s.p.c.'s 3, 5, 6 and 7 
generally are found in more poorly drained sites. 
3.4.2 HORIZON NOMENCLATURE USED IN STUDY 
The soil horizon nomenclature of the FAO-UNESCO system 
was adopted in this study. This system is particularly 
useful since it has done away with numerical designations 
of master horizons used in New Zealand (Taylor and Pohlen, 
1970) and some other countries e.g. U.S.A. (U.S.D.A. Soil 
Survey Staff, 1975), and replaced them \\lith letter suffixes. 
Subsoil B horizons can vary greatly and qualification with 
an appropriate letter suffix or combination of suffixes leads 
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to a less confusing and more meaningful indication of the 
dominant soil processes operating e.g. a "humus ll B 
horizon is designated 8h, an lIiron BII as 8s, a IItextural 811 
as Bt, a"colour 811 as Bw. A list of the FAO-UNESCO 
suffixes and their definitions is giVe~ in Appendix 4. 
The System of Soil Classification for Canada (Canada Dept 
of Agriculture, 1974) uses a similar letter designation 
to indicate secondary or subordinate features in addition 
to the master horizons. While the definitions of these 
subhorizon features are more precise than the FAD-UNESCO 
system, the Canadians do not incorporate eluvial (E) 
horizons within the list of master horizons as does the 
FAD-UNESCO system. Because many of the surveyed soils 
are either podzols or podzolised, it was felt the latter 
system would be more beneficial in terms of illustrating 
differences between these and other soil forms. 
Although genetic designations are retained to describe 
the seven master horizons in the FAD-UNESCO system, 
the definitions associated with the letter suffixes are 
based on actual soil processes. This supersedes numerical 
designations in which the notations B1, B2, 83 etc had a 
genetic connotation. Another important advantage of the 
FAD-UNESCO system is that it makes a clear distinction 
between mottled and reduced (or gley) soils, something not 
immediately obvious when the N.Z. Classification terms 
G1 and G2 are used. 
By using the FAO-UNESCO system it was possible to 
distinguish soil profile forms that illustrated the 
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impress of active soil processes rather than genetic factors 
as in the high level of the N.Z. system. Because the 
characteristics of soil horizons are produced by soil 
forming processes, the use of diagnostic horizons ensures 
that the classification of the Blackball hill soils .is based 
on principles of soil genesis rather than factors which 
condition genesis. 
Diagnostic horizons are comprehensively defined in the 
U.S.D.A. taxonomy, but these are not always compatible 
with the commonly used ABC profile designations. It 
was therefore decided to use the less well defined 
FAO-UNESCO letter suffixes to represent the soil profiles 
as these also give an indication of diagnostic horizons 
present e.g. a spodic horizon is designated Bhs, Bh 
or Bs. However, the text of the FAO-UNESCO system 
emphasises "that the use of a certain horizon designation 
in a profile description does not necessarily point to 
the presence of a diagnostic horizon or feature, since the 
letter symbols merely reflect a qualitative estimate" 
(FAO-UNESCO, 1974 p23). The same useage of "diagnostic" 
was followed in this study. 
3.4.3 DESCRIPTION OF SOIL PROFILE CLASSES 
Soils previously belonging to the Blackball hill soils have 
been separated into seven s.p.c. 's in this survey. The 
common profile features of the dominant s.p.c. 's 2, 4 and 5 
v.Jere derived by selecting the most commonly occurring 
properties found in a number of described profiles, 
whereas the features of the less widespread s.p.c.'s 
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1, 3, 6 and 7 and based on one representitative profile. 
Horizons designations are based on the FAD-UNESCO system, 
all other terminology used conforms to Soil Survey Method 
(Taylor and Pohlen, 1970). 
In all 55 profile descriptions were made in addition to 
numerous auger examinations and observations along the 
track in catchment 9. 
(a) S.p.c. 1 Shallow podzo1s 
Soils of this s.p.c. are found on the upper sections of 
nose zones. They are usually formed below a thick 
(>20cm) layer of organic matter and occasionally beneath 
the debris core of a living or decaying beech/podocarp stump. 
(i) Parent material 
Parent material consists of a thin mantle of colluvium 
derived from the underlying strongly weathered stoney-
gravelly compact conglomerate. 
(ii) Slope angle 
Slope angles vary between 15-30°. 
(iii) . Vegetation 
The canopy layer is dominantly hard beech with discontinuous 
tall emergent rimu podocarp. Subcanopy is usually 
kamahi and/or quintinia, overlying a ground vegetation layer 
of shrubby species and tree seedlings. 
(iv) Drainage 
Hell drained. 
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PLATE 3: Soil profile class 1. 
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(v) Profile features 
Although only three profiles were described, the single 
profile selected to represent s.p.c.l was considered 
representitative of the class based on features of this 
class observed from the perimeter track in catchment 9. 
o 
Ah 
E. 
30-0cm 
* 0-5cm 
5-12cm 
very dark reddish brovm (2.5YR 2/2); 
granular mor, very friable, strongly 
developed fine granular structure; 
abundant fine to medium roots, distinct 
'davy boundary. 
brown (lOYR 4/4); sandyloam; friable; 
strongly developed fine blackly structure; 
many fine roots; indistinct boundary; 
few to many fine quartz grains. 
dull orange (7.5YR 1/3); sandyloam; firm 
moderately developed medium blocky; few 
fine roots; distinct irregular boundary; 
many round gravels; many fine quartz grains. 
Bsh 12-17cm very dark reddish brol-In (2.5YR 2/2); v!ith 
bright brown (7.5YR 5/8) iron stainings 
round clasts; sandyloam; very firm; 
massive single grain; few fine roots; 
distinct irregular boundary; abundant 
stones and gravels. 
em on bright yellowish brown (lOYR 6/6), 
conglomerate, extremely fir~massive single 
grain, no roots; profuse gravels, stones 
and boulders. 
*horizon thicknesses in terms of cumulative soil depth 
Round sandstone clasts within the profile are strongly 
weathered. In some cases the Ah may be absent. 
(b) S.p.c.2 Podzo1s 
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Soils of s.p.c.2 are found in nose and sideslope zones 
throughout the study area, usually below a thick organic 
horizon. 
(i) Parent Material 
Colluvium derived from underlying strongly weathered 
stoney-gravelly conglomerate. 
(ii) Slope angle 
Of the soil profiles examined all fell within the range 
30-40% with 70 percent between 35-40%. 
(iii) Vegetation 
Hard beech forms the canopy layer with discontinuous tall 
emergent rimu. The subcanopy is normally one Or a 
combination of kamahi; qUintinia or broadleaf species, 
which in turn overlie tree seedlings and shruby species. 
(iv) Drainage 
Soils in nose zones are well drained, whereas some in 
the sideslope zone tend to be moderately well drained. 
(v) Common profil e features 
Profile features for s.p.c.2 were derived by selecting 
the most commonly occurring properties found from 19 
described profiles. Percentage distribution of these 
properties is shown in Figure 10-12. 
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PLATE 4: Soil profile class 2. 
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o 20-0cm reddish black (IOR2/1) to very dark 
(IO-IOOcm)* reddish brown (7.5 R2/2): granular or 
matted mor; friable to very friable; 
moderate to strongly developed fine 
granular and crumb structure; abundant 
fine and medium with a few coarse roots; 
sharp distinct to indistinct boundary. 
Ah O-IOcm greyish brown (5YR 4/2) to brown 
(7.5YR 4/3); silt loam; friable; (5-15cm) . 
E IO-15cm 
(5-30cm) 
Bshl 15-35cm 
moderate to strongly developed very fine 
nut or very fine blocky structure; 
abundant fine and medium with a few 
coarse roots; distinct wavy boundary; 
few to many fine quartz grains. 
greyish yellow brown (lOYR 5/2) to 
light grey (lOYR 8/2); silt loam to sandy 
loam; friable to firm; moderate to 
strongly developed fine to medium 
blocky structure; many fine roots; 
distinct wavy boundary; a few gravels; 
many fine quartz grains. 
dark reddish brown (5YR 3/2) to bright 
yellowish brown (lOYR 6/8); silt loam to 
clay loam; moderately developed fine to 
medium blocky structure; many fine roots; 
indistinct boundary; few to many gravels. 
*range of measured profile thicknesses 
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Bsh2 35-65cm brown (lOYR 4/4) to yellow orange 
em 
(lO-50cm) (lOYR 7/8); silt loam; weakly developed 
fine blocky; few fine roots; distinct 
wavy boundary; many to abundant gravels 
and stones. 
on bright yellowish brown (lOYR 6/6); 
conglomerate; extremely firm; massive 
single grain; no roots; profuse gravels, 
stones and boulders. 
Sandstone and granite clasts are round in shape and 
strongly weathered. In some cases only a single Bsh 
horizon is present, while in others (approximately 30% of 
described profiles) a thin (5-10cm) greasy silt loam 
textured Bh horizon may be present above the conglomerate. 
The latter was hard to positively identify at the base of 
holes dug with the spade because of the uneven nature of 
the conglomerate surface, however, similar zones of 
accumulation of humic material at the base of the profile 
were observed along the track in catchment 9. 
Brown (7.5YR 4/3) to dark brown (lOYR 3/4) humus staining 
is common along the fracture surfaces in the B horizon 
and often this is deposited as thin coatings on the clasts 
and peds within this layer. This material is possibly 
a complex of clay and organic constituents. Where this 
s.p.c. occurs under dead or living trees the E horizon 
can be thick and tongued (glossic tongues) as in plate 4. 
(c) S.p.c. 3 G1ey podzo1s 
Where present this soil profile class is found in the higher 
positions of the hollow zone in the larger valley basin systems. 
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PLATE 5: Soil profi l e cl ass 3 
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(i) Parent material 
Colluvium derived from underlying strongly weathered 
stoney gravelly conglomerate. 
(ii) Slope angle 
Slope angles range from 20-400. 
(iii) Vegetation 
Hard beech canopy layer above kamahi subcanopy. Ground 
vegetation is tree seedlings, some shrubby species, 
mosses and ferns. 
(iv) Drainage 
S.p.c.3 is found in the upper reaches of drainage 
thalwegs and as a consequence is imperfectly drained. 
(v) Profile features 
Only four profiles were described for this class, and one 
of these is described below as a representitative profile. 
o 15-0cm 
Ah 0-20 
E 20-30cm 
very dark reddish brown (7.5YR 2/2); 
fibrous mor; very friable; unfermented 
beech and kamahi leaves; abundant fine 
and medium and a few coarse roots; 
distinct wavy boundary. 
brownish black (5YR 2/2); silt loam; 
slightly sticky, slightly plastic; 
weakly developed fine blocky structure; 
many fine and medium roots; indistinct 
boundary. 
dark greyish brown (2.5Y 4/2); silt loam; 
firm; massive structure; few fine roots; 
distinct wavy boundary; a few extremely 
weathered light grey (2.5Y 8/2) very soft 
Bsg 30-60cm 
Chg 60-80cm 
Cm on 
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gravels. 
greyish yellow brown (lOYR 5/2) matrix 
with many fine to medium distinct bright 
yellowish brown (lOYR 6/6) mottles; silt 
loam; firm; massive structure; few fine 
roots; distinct irregular boundary; 
abundant strongly weathered gravels. 
brownish black (7.5YR 2/2); silt loam; 
friable; weakly developed fine blocky; 
few fine roots; distinct irregular 
boundary; abundant strongly weathered 
gravels. 
dull yellowish orange (lOYR 6/4); 
conglomerate; extremely firm; no roots, 
profuse gravels, stones and boulders. 
Soils within this profile class only occur to a minor 
extent within the survey catchment, possibly because the 
valley basin systems are generally small ih both area and 
volume of water passing through. Soils of this class were 
observed along the perimeter track in catchment 9 where the 
valley basins are generally larger. Clasts below the E 
horizon have a bright brown (7.5YR 5/8) iron-stained rim. 
In most cases the clasts are round in shape, soft and 
composed of either sandstone or granite. 
(d) S.p.c. 4 Podzolised lowland YBE 
Soils belonging to this class are found dominantly in the 
sideslope zone, although they also ocurr in the lower 
sections of nose zones. 
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(i) Parent material 
Colluvium derived from strongly weathered stoney, gravelly 
compact conglomerate. 
(ii) Slope angle 
Seventy percent of described profiles had slope angles within 
the range 25-350 , while the other thirty percent fell 
betv/een 36-500. 
(iii) Vegetation 
Canopy layer is dominantly hard beech overlying a kamahi 
and/or broadleaf subcanopy. Beneath these the ground 
vegetation is tree seedlings and shrubby species. 
(iv) Drainage 
Sites examined were moderately well to well drained. 
(v) Profile features 
Because it is one of the three dominant s.p.c.'s within 
the survey, the features of this class were also derived 
by selecting the most commonly occurring properties 
found in the described profiles. Percentage distribution 
of these properties for the eleven profiles are found 
in Figures 10-12. 
o lO-Ocm reddish black (lOR 2/1) to very dark 
reddish brown (7.5R 2/2); granular or 
matted mor; friable to very friable; 
strongly developed fine granular 
structure; abundant fine and medium and 
some course roots; distinct wavy to 
indistinct boundary. 
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PLATE 6: Soil profile class 4. 
Ah O-IOem 
(5-20em) 
Bsh lO-40cm 
(15-45cm) 
Bh 40-48cm 
(2-15em) 
em on 
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brownish black (lOYR 2/2) to bright brown 
(7.5YR 5/6); silt loam; friable to very 
friable; moderately developed fine nutty 
and fine blocky structure; many fine and 
medium roots; distinct wavy and indistinct 
boundary; many strongly weathered gravels 
and stones; few fine quartz grains. 
brown (7.5YR 4/3) to bright yellowish 
brown (lOYR 6/6); silt loam to clay loam; 
friable to firm; moderately formed fine 
to medium blocky; many to few fine roots; 
distinct wavy to irregular boundary; 
many to abundant strongly weathered 
gravels and stones. 
dark brown (lOYR 3/4) to yellowish brown 
(lOYR 5/6); silt loam; friable; weak to 
moderately developed very fine to fine 
blocky; few to many fine roots; di?tinct 
wavy boundary; abundant strongly weathered 
gravels and stones. 
bright yellowish brown (lOYR 6/8); 
conglomerate; extremely firm, massive 
single grain; no roots; profuse gravels, 
stones and boulders. 
In some instances soils within this profile class are 
deeper in which case two Bsh horizons are distinguished. 
In other situations, the Bh horizon is absent. Many of the 
clasts in the Bsh horizons are covered with a 1-3mm coating 
of brown (7.5YR 4/3) to dark brown (lOYR 3/4) material. 
71 
This is probably a mixture of clay and organic material. 
A similar type of material occurs as distinct stainings 
along the fracture planes within the soils of this s.p.c. 
As with s.p.c.'s so far mentioned, the round clasts are 
soft and easily cut with a knife or broken by hand, and 
composed of either sandstone or granite. 
A thin « 5cm) E horizon was often present, but in most 
cases this was discontinuous. 
(e) S.p.c. 5 Mottled VBE 
These soils are usually found within the hollow zone of 
the valley basins and in the interbasin area at the lower 
end of some nose zones. They are also found to a lesser 
extent in the sideslope zones, particularly at the mouth 
of the catchment where slopes are longer than normal and 
not organised into obvious valley basin systems. 
(i) Parent material 
Colluvium derived from the underlying strongly weathered 
stoney, gravelly compact conglomerate. 
(ii) Slope angle 
Of the profiles described for this class seventy per cent 
had slope angles between 26-350 , while the remaining thirty 
percent were at a lower inclination of 10-250 . Soils 
within this s.p.c. tend to be found at slope angles slightly 
lower than the other two dominant s.p.c.'s (2 and 4). 
(iii) Vegetation 
Canopy layer of hard beech overlies a subcanopy of kamahi 
and/or broadleaf species, the latter appearing to be more 
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prevalent associated with this wetter s.p.c. than profile 
classes already mentioned. Ground vegetation is 
dominantly bracken fern, with the usual association of 
tree seedlings but less shrubby species. 
Although the canopy is beech, this species and their 
accompanying podocarps seem to favour sites in the better 
drained nose rather than the less well drained hollow zones. 
(iv) Drainage 
Generally these soils are imperfectly or somewhat poorly 
drained. In the interbasin areas where the watershed is 
smaller and the slopes usually steeper, the soils are 
moderately well drained and not so mottled. 
(v) Profile features 
As with s.p.c.'s 2 and 4, the features of this class were 
derived by selecting the most commonly occurring properties 
found in the described profiles and percentage distribution 
of these for the twelve profiles are found in Figures 10-12. 
o 5-0cm 
(2-11cm) 
Ah 0-15cm 
(S-22cm) 
reddish black (lOR 2/1) to dark reddish 
brown (2.5 YR 3/2) matted or fibrous mar; 
mainly roots and decomposing beech leaves; 
no structure; abundant fine and medium 
and some coarse roots; distinct wavy or 
smooth boundary. 
dark reddish brown (5YR 3/2) to brown 
(7.5YR 4/3); silt loam; friable to very 
friable; moderately to weakly developed 
fine blocky structure; many fine to medium 
roots; indistinct boundary, a fe~J strongly 
, 
Bswgl 15-40cm 
(15-31cm) 
Bswg2 40-60cm 
(14-26cm) 
Chg 60-80cm 
(16-30cm) 
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weathered gravels, 
dark brown (lOYR 3/3) to yellowish brown 
matrix (lOYR 5/6) with many to abundant 
faint dark greyish yellow (2.5YR 5/2) 
to olive yellow (5YR 6/4) and many distinct 
and faint bright brown (7.5YR 5/8) to 
orange (7.5YR 6/8) mottles; silt loam, 
friable to firm; moderately to weakly 
developed, fine to medium prismatic and 
blocky or massive structure; few fine 
roots; distinct wavy to indistinct 
boundary; many to abundant strongly 
weathered gravels and stones. 
dark brown (lOYR 3/3) matrix with 
abundant faint greyish yellow (2.5Y 6/2) 
to bright yellowish brovm (2.5Y 7/6) 
and many faint and distinct bright brown 
(7.5YR 5/8) to orange (2.5YR 6/6) . 
mottles; sandy silt loam to silt loam; 
friable to firm; weakly developed fine 
to medium prismatic or massive structure; 
few fine roots; indistinct boundary; 
abundant strongly weathered gravels and 
stones. 
dark brown (10YR 3/4) to brown 
(lOYR 4/6) matrix with a few distinct 
greyish olive (7.5Y 5/2) and a few 
faint light yellow (2.5Y 7/4) mottles; 
Cm on 
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sandy loam to silt loam; slightly plastic, 
slightly sticky; weakly formed fine 
prismatic structure; few or no roots; 
distinct irregular or indistinct 
boundary; profuse strongly weathered 
gravels and stones. 
yellowish brown (lOYR 5/6); conglomerate; 
extremely firm; no roots, profuse weathered 
gravels, stones and boulders. 
The Bswg2 and Chg horizons are not always present, 
particularly in shallower profiles. The round sandstone 
and granite clasts found in the more poorly drained sites 
do not appear to be as strongly weathered and are occasionally 
hard to stratch with a knife. Conditions at the base of 
some of these soils are sometimes wet enough for there to be 
a permanent reducing environment. Evidence of this is 
providedby the green rim on the softer clasts and a smell 
of sulphide. 
(f) S.p.c.6 Shallow gley soils 
This group of soils is found in shallow poorly drained 
sites such as adjacent to the main stream in catchment 4 
and the lower reaches of va 11 ey bas i n tha 1 wegs as well as 
incisedslopes adjacent to these thalwegs. It occupies 
a relatively small area within the landscape. 
(i) Parent material 
, 
Colluvium and/or alluvium derived from the underlying 
strongly weathered stoney, gravelly compact conglomerate. 
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(ii) Slope angle 
Slope angle ranges between 15~350 for most soils, although 
angles up to 500 were recorded on incised slopes. 
(iii) Vegetation 
The shallow depths, steep topography and amount of water 
combine to produce a vegetation that ;s commonly tree 
ferns, ferns, mosses and other water loving species. No 
trees were observed growing on soils belonging to this 
class although the beech and broadleaf species on adjacent 
sites often extend the forest canopy over these soils. 
(iv) Drainage 
Soils are usually very poorly drained or poorly drained and 
wet for most of the time. 
(v) Profile features 
, 
Because these soil s occupy only a 1 imi ted area and are 
so wet only three profile descriptions were made. 
The description that follows is considered to be representitative 
of the class. 
a 2-0cm 
. ABhr 0-15cm 
very dark reddish bro\'Jn (7.5R 2/2); 
matted mar; abundant fine and medium 
roots; distinct wavy boundary. 
dark brown (lOYR 3/3); silt loam; slightly 
sticky, slightly plastic; massive 
structure; abundant fine roots, distinct 
boundary; many to abundant slightly 
less weathered round sandstone gravels. 
em on 
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bright yellowish brown (2.5Y 6/6); 
conglomerate; extremely firm; no roots; 
profuse gravels, stones and boulders. 
S.p.c.6 is usually associated ~/ith the deeper gley soils of 
s.p.c.7. 
(g) S.p.c.7 Gley soils 
Soils of this soil profile class are found adjacent to the main 
catchment stream and the lower reaches of thalwegs of the larger 
valley basins, as well as on the fan surfaces where the F.R.I. 
catchments join the stream in Powerline Gully. This s.p.c. 
is usually associated with s.p.c . 6. 
(i) Parent material , vegetati on and drai nage 
These factors are similar to those described for s.p.c.6. 
(ii) Slope angle 
Slope angles range between 15-350 
(iii) Profile features 
As with s.p.c.6 , soils within this class are very wet, and as 
a consequence only three proftle descriptions were made. One 
of these is given below and is considered representitative of 
this group of soils which, in association with s.p.c.6 occupy a 
small area in the landscape compared with s.p.c.'s 2, 4 and 5. 
Ah 0-15cm Brown (7.5YR 4/3); silt loam; slightly sticky, 
Br 15-50cm 
slightly plastic; massive structure; few fine 
roots; indistinct boundary; a few weathered 
gravels. 
light grey (7.5Y 7/1) and greyish olive 
(5Y 5/2); silt clay loam; sticky, slightly 
p1astic; massive structure; few fine roots; 
indistinct boundary, many to abundant 
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weathered gravels. 
BChr 50-70cm brownish black (10YR 2/3); silt loam; 
slightly sticky, slightly plastic; 
massive structure; no roots; indistinct 
boundary; abundant greyish olive (7.5Y 5/3) 
gravels and stones that are less weathered 
than other profile classes. 
Cm? on? conglomerate? (not seen) 
As with the soils of s.p.c.6, there was a strong smell of 
sulphide encountered when holes were dug. The round 
clasts were dominantly sandstone. 
Additional profile descriptions are given in Appendix 5. 
3.4.4 RELATIONSHIP OF THE PROVISIONAL SOIL PROFILE CLASSES TO 
THOSE DESCRIBED IN PREVIOUS SURVEYS 
Soils of the study area were mapped as Blackball hill soils 
in both the reconnaissance mapping (N.Z. Soil Bureau, 1968b) 
at a scale of 1:253,440 and a later more detailed survey 
(1:63,360) of the soils of the Inangahua Depression . 
(Mew et al, 1975)L 
In the detailed survey, the typifying profile for the 
Blackball hill soils was located in "the Mai Mai hills on 
the upper third of a hill slope on the side of a minor 
valley" (Mew et al, 1975 p.136). This would probably 
be equivalent to the sideslope zone or perhaps even a nose 
in the current survey. The description given for the 
typifying profile corresponds closely to s.p.c.4, as does 
a second profile described by Mew, et al (1975) in another 
area. These authors noted that shallower soils were 
found in the nose zones, and deeper soils at the foot of 
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slopes, but these variations were not described, nor 
were any podzolised soils, although these too were observed. 
Instead Mew et al (1975) concentrated on the soils found 
on the "main slopes". This approach and a drainage 
classification of well-drained for the Blackball hill 
soils would seem to suggest that none of the soils in 
hollows or on valley floors were investigated. Soils 
in these poorly drained sites were observed in large 
enough proportions in the current study not to be completely 
overlooked. 
In the report on the"Soils of the Inangahua Depression" 
a range of profile features is given for horizon thickness, 
colour, texture and stones. While this is worthwhile, 
it unfortunately applies only to the soils of the main 
slopes, and is therefore not a good. indication of the range 
of soil morphological variation in the total landscape. 
Of the 44,000 hectares surveyed by Mew et a1 (1975), a 
substantial proportion (in fact over 10,000 hectares). was 
mapped as Blackball hill soils. Together with 4739 
hectares of Inangahua hill soils, these soils form the major 
extent of areas scheduled for exotic conversion in the 
Inangahua Depression as part of the South Island Beech 
Utilisation Project (N.Z. Forest Service 1971, Kirkland, 1973). 
As one of their objectives, Mew et al, (1975) set out to 
provide background soils data to aid forest management 
decisions related to these proposals. There is unlikely 
to be any conflict between agriculture and forestry in 
the Blackball hill soils as may occur on some of the 
terrace land elsewhere in the depression. As a consequence, 
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it is perhaps a little surprising that more effort was 
not made to assess the total variability within the 
landscape body designated as Blackball hill s01ls, rather 
than just those soils found on the main slope position. 
To be fair, these soils are equivalent to s.p.c.4 which is 
a dominant s.p.c. in this study, along with s.p.c. 's 
2 and 5. However, two soil profiles is hardly adequate 
information on which to base forest management decisions 
in an area cQvering 10,000 hectares. 
This lack of information on map unit purity or the 
complexity of soil distribution pattern is misleading, 
inferring that the majority of the soils are like or very 
similar to those described in the typifying soils profile. 
Since this is not so, it is unfortunate Mew et al (1975) 
were unable to examine a small area in detail concurrent 
with their larger survey as was done in this study; and 
then on the basis of such findings, make more realistic 
generalisations about soil distribution and variation 
within the area. Using such an approach seven soil 
profile classes were recognised in the current survey 
compared to only one by Mew et al (1975). That is not to 
say that all seven s.p.c. 's would require different 
management techniques (Beckett and Webster, 1971) but 
rather to show that the range of soil variability \."ithin 
the Blackball hill soils of the Mai Mai region is more 
extensive than the report of Mew et al, (1975) would lead 
one to believe. 
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3. 4.5 ESTABLISHMENT OF SOIL MAP UNITS 
Any soil map is simply a model of the soil system based 
on the recognised s.p.c. 's. At any scale the accuracy 
of the map will depend on how much of the soil continuum 
was investigated. Sixty to seventy-five percent of 
catchment 4 was traversed during the course of the soil 
survey. As a consequence, it is felt that the soil maps 
established represent a realistic picture of a soil 
distribution. As field investigation continued it 
became obvious that the soil pattern was too complex to 
delineate areas in terms of map units embracing a 
single dominant s.p.c. e.g. s.p.c.'s vary markedly 
over short distances to the extent that s.p.c.2 might be 
found close to a beech tree, yet only 2-3 metres away, 
s.p.c.4 may be distinguished. Similarly, in a hollow 
zone, s.p.c.'s 5, 6 and 7 are usually found in close 
proximity. 
In earlier sections it was emphasised that the distribution 
of s.p.c.'s is related to topography in a characteristic 
fashion. As a consequence, the resultant soil map would 
be of most value if the map delineations were relate9 to 
the three landscape bodies distinguished in the survey 
catchment e.g. noses, sideslopes, valley floor and hollows. 
These landscape bodies were therefore used to establish the 
basic map delineations, and within each the commonly 
occurring s.p.c.'s are grouped and listed in terms of 
compound S.M.U.'s (Table 1). 
As a result the mapping delineations are based on lateral 
rate of change of landscape features e.g. noses are 
landscape components where flowlines are divergent and 
therefore act as watersheds channelling water into 
adjacent hollows. On the other hand, hollows are 
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landscape features where flowlines converge and soils are 
generally wetter. The valley floor is a stage further 
on, where all the water accumulating in hollows is 
discharged into the main catchment stream. Consequently 
valley floor soils are, generally gleyed. Sideslopes are 
landscape bodies intermediate between noses and hollow. 
The relationship between landscape bodies is illustrated 
diagramatically in Figure 3. Bie and Beckett (1971a) 
recommend that s.p.c. IS within a S.M.U. should be known 
and small in number. Six compound S.M.U. IS are recognised 
in this survey, each comprising two or three of the 
. d I recognlse s.p.c. s. Neither the s.p.c.!s nor the S.M.U. IS 
were given names as this survey was not a part of the 
mapping programmes undertaken by N.Z Soil Bureau. 
The s.p.c. IS are simply designated by arabic numericals 
and S.t1.U. l s by capital letters. However, in section 
3.4.3 the seven soil profile classes are described using 
the common terminology of the N.Z. Genetic Classification. 
The expected proportion of the component s.p.c. IS in 
each S.M.U. are given in Table 2. 
Because of the compl exity of soil pattern ea'ch 1 andscape 
body map delineation usually comprised more than one S.M.U 
often in widely differing proportions from point to point 
in the same delineation. It was therefore important that 
/ 
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some measure be given to these proportions. To facilitate 
this, the approach of Webb (1976) was adopted, and 
consequently the differing proportions of two S.M.U. IS 
were grouped into three classes which are shown on the 
soil map by means of symbols (Table 3), A + B, A + B, 
and A + B denote situations within a map delineation 
where A occupies 50-55, 56-70, and 71-84 percent respectively 
of the area, and B the remainder. 
A alone denotes a situation where less than 15 per cent 
of the area is occupied by other S.M.U. IS. This 
terminology is illustrated in tabulated form in Table 3. 
By using this technique it is possible to realistically 
denote on the map the changes in soil distribution 
occurring from point to point in the same landscape body 
delineation. An idealised example may help to illustrate 
the use of this terminology. If for instance the map 
symbols along a nose delineation are A, A + B and A + B, 
then the reader knows that initially only A is the important 
S.M.U., but that B becomes increasingly important as one 
moves along the nose i.e. A occupies at least 85 percent 
of the nose at the first point, then 71-85 percent at the 
next point, and finally only 50-55 percent at the site 
of the third map symbol. Correspondingly S.M.U. B has 
become increasingly important. 
3.4.6 LOCATION OF SOIL PROFILE CLASSES 
Section 3.1.1 established that part of the aim of soil survey 
is to be able to distinguish the soil profile classes at 
any site of interest in an area, as well as enabling the 
/ 
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user to locate where soils of a particular class may be 
found. 
With respect to the current survey this information can 
be gathered from three sources. Firstly by means of 
the maps and their accompanying legends (Maps 1,2, 3 and 4 
in back pocket). Secondly by reading section 3.4.3 
which describes the characteristics of each s.p.c. 
recognised in the survey including morphological, 
vegetational and drainage features. Thirdly by reference 
to Figures 13 and 14 which illustrate diagramatic 
representations of s.p.c. 's and landscape bodies. 
Section 3.4.3 only presents information relating to slowly 
changing soil properties, but some moderately and rapidly 
changing properties are discussed in chapters 4 and 5. 
CHAPTER ' IV CHARACTERISATION OF SOIL 
PROPERTIES 
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The following sections outline sampling methods and 
analytical techniques used to determine soil physical, 
chemical and mineralogical properties within the study 
area. The results obtained are then discussed from the 
vie\A/point of soil catenary relationships. 
4.1 SOIL SAMPLING DESIGN 
One of the objectives of the study was to examine the 
catenary relationships of the Blackball hill soils, and 
sampling sites were chosen with this in mind. Because 
of time constraints it was felt that this could be best 
achieved by limiting ?ampling to a first order valley 
basin and analysing an array of two dimensional catenas 
(approximating the flowlines from watershed to thalweg) 
within this three dimensional landscape body. Following 
the concepts implicit in catena studies it is possible to 
stratify the first order valley basin into three zone? 
which Tonkin et al* (1977) have termed (a) an upper 
Eluvial zone of net solute loss, (b) a middle Transluvial 
zone of predominantly lateral solute transfer, and 
(c) a lower Illuvial zone of partial solute accumulation. 
Sampling was limited to fifteen profiles; six in the 
eluvial nose zone, six in the transluvial -sideslope 
zone and three in the illuvial hollow zone, all within 
catchment four. Figure 15 illustrates the sampling 
pattern and the component profiles of the various catenas 
* In appendix 6 
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identified. Six catenas ran between the nose and hollow 
zones of the valley basin 
Soil catena Component soi 1 profiles 
1 1, 2, 3 
2 4, 5, 6 
3 7, 8, 9 
4 10, 11, 3 
5 12, 13, 6 
6 14, 15, 9 
In addition three longer catenas were recognised: two down 
the valley basin noses incorporating profiles 1, 4, 7 and 
10, 12, 14 respectively and one down the thalweg in the 
hollow zone relating profiles 3, 6 and 9. 
In terms of statistical analysis it is possible to group 
the fifteen profiles into the three delineated landscape 
bodies e.g. six profiles in the nose zone, six in the 
sideslope zone and three in the hollow zone. However, 
the profiles within each zone do not represent true 
replicates since they were purposely chosen to encompass 
as much of the valley basin as possible, e,g. profiles 
3, 6 and 9 are all in the hollow zone, but each occupies 
a different slope position within that zone. Therefore, 
although the mean values of the profiles in each zone 
are computed to show catenary trends. it was not thought 
to be worthwhile or meaningful to perform a thorough 
statistical analysis. 
4·1.1 SAMPLING t·1ETHOD 
Initially it had been hoped to take two samples from each 
profile site using a power auger, but because of problems 
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with tree roots and the steepress of the terrain this 
method had to be abandoned. Instead the sites were 
sampled using a lOcm diameter Jarrett auger. After a 
20cm square mat of organic horizon had been carefully 
removed, the mineral soil was sampled by arbitary depth 
increments (5, 10 or 20cm) to the base of the solum or to 
a depth of one metre below the surface of the mineral soil. 
Using this approach depth increment samples were removed 
from each site and transferred to plastic bags which were 
sealed and stored. Profile descriptions were made soon 
after sampling by digging a hole at the site of sample 
removal. These are recorded in Appendix 5. 
4.2 ANALYTICAL PROCEDURES 
4.2.1 
The subsections within this section outline the treatment 
of samples once they had been transferred from field to 
Laboratory. 
SAMPLE PREPARATION 
On returning from the field, samples were divided into two 
parts, one of which was then weighed, air dried and 
reweighed, while the remainder was resealed and retained 
in a field moist condition. 
The air dried samples were crushed using a milk bottle 
as a rolling pin and passed through a 2mm square-holed 
sieve. The field moist subsamples were forced throu~lh the 
same 2mm sieve. In both cases stones and roots failing 
to pass the sieve were discarded. Part of each ~ 2mm 
air dried fraction was then lightly ground to <250um 
using a pestle and mortar. A further part of selected 
<2nnn air dried samples was ground to <150uIn using a 
4. 2.2 
tungsten carbide vessel in a Tema mill. These various 
fractions were used for subsequent analysis. 
CHOICE OF ANALYSES 
Several factors had a bearing on the choice of analyses 
determined. The end result of depth increment sampling 
fifteen profiles was a total of 92 samples, which was a 
large number given the constraints of time available. 
Considering the limited objectives of the study it was 
therefore deGided to measure those parameters which have 
been proven in the past to be good estimators of the 
pedogenic status of the system. As a consequence, the 
majority of time \~as devoted to clay mineralogy, Tanm's 
oxalate extraction, and determination of total phosphorus. 
Other parameters were also determined, but these were 
chosen primarily to indicate soil fertility characteristics. 
4.2.3 ION MOVEMENT AND CHEMICAL WEATHERING 
Birkeland, (1974, p59) reports that chemical weathering 
occurs because rocks and minerals are seldom in equilibrium 
with near-surface waters, temperatures and products. 
The products that form, however, are more stable in near-
surface environments. Birkeland notes that if the soil 
environment changes with time, so too can the initial 
products of weathering. That some change does occur 
during chemical weathering is sholtm by field evidence for 
oxidation and for clay formation, by the different 
chemical and mineralogical composition of the weathered 
material relative to that of the assumed parent material, 
and by the chemistry of the waters that move through the soil. 
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There are several processes involved in chemical weathering 
of common rocks and minerals. Birkeland (1974) reports 
that hydrolysis is the most important in the chemical 
weathering of the common silicate and aluminosilicate 
minerals. In this reaction ions and molecules present 
in water react with the mineral species to release a 
variety of different weathering products. 
Silicate + H20 + H2C03 ~ cations + OW + HC03- + H4Si04 
C 1 aq aq aq aq aq 
Where C is a crystalline species, 1 is the liquid, and 
aq denotes aqueous species. 
Apart from hydrolysis, other processes important in 
chemical weathering of rocks and minerals are chelation, 
oxidation, hydration and dehydration and ion exchange. 
The fate of the by-products of \l/eathering varies. 
Cations can remain in the soil either in the soil solution 
as part of the crystal lattice of the clay mineral, or as 
exchangeable ions absorbed to the surfaces of the 
colloidal particles. Alternatively, they can be removed 
from the soil system in the leaching waters or be 
incorporated and cycled through the biosphere. 
The extent to which elements released by weathering are 
translocated depends on their individual physio-chemical 
properties, (particularly their solubility in aqueous 
systems ~nd their interactions with other soil components) 
and the leaching potential of the soil solution (Young 
et al, 1977). For example, over the normal soil pH 
range Al and Fe are relatively insoluble compared to Si 
and tend to remain close to the site of weathering to form 
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clay minerals and hydrous oxides. However, with 
increasingly acidic conditions and/or chelation, both A1 
and Fe become more soluble, and thus the weathering 
products formed initially are no longer stable and so are 
replaced by products more stable in the new environment. 
Consequently, element migration in soils is markedly 
dependent on the prevailing soil conditions. This factor 
has been recognised by Po1ynov (1951), Compton (1960) 
and G1azovskaya (1968) who depicted the relative movement 
of the major elements involved in soil formation for 
normal, acid che1ating and reducing environments respectively. 
In environments of low leaching potential only the most 
mobile elements move far from the source of weathering, 
but as leaching intensifies less mobile elements are moved 
progressively further (Young et al, 1977). In sloping 
topography this results in a spatial separation of 
elements downslope according to relative mobility. 
With increasing leaching potential, elements accumulate in 
successively lower slope positions, with the most mobile 
elements conmonly entirely removed from intensely leached 
systems. 
4.2.4 ANALYTICAL ~·1ETHODS FOR PHYSICAL CHEMICAL AND MINERALOGICAL 
PARA~lETERS 
(a) Physical parameters 
(i) Oven dry soil weight and 10ss-on-ignitioQ 
Dry matter was determined by heating 59 (approximately) 
samples of <2S0ul11 air-dried soil in porcelain basins 
overnight at lOSoC. After cooling (avoiding rehydration) 
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and reweighing, the same samples were ignited for 1 hour 
at 5500C and again weighed to determine loss-an-ignition 
(LOI) . 
(ii) Bulk density 
Metal cores (inside diameter 5cm, length 5cm) were used 
to collect undisturbed samples in the field. These 
samples were weighed after oven-drying and the bulk 
density computed by calculation as: 
(iii) Moisture 
bulk density = dry weight of soil 
Volume of cylinder 
Field moisture was determined by comparing the weight of 
the bulk density core samples in their field condition and 
after oven dryi ng. Percent moi sture \lIas derived by a 
comparison of air-dried and oven-dry weights. 
(iv) Mechanical Analysis 
Approximate percentages of sand(s), silt(si) and clay(cy) 
were obtained by weighing the size fractions resulting 
from fractionation during clay mineralogical analyses. 
Before being dispersed the <2mm field moist soil used 
for this determination was treated with boiling 30% H202 
to destroy organic matter and with a dithionite-citrate 
system buffered at pH 5.0 with NaHC03 (Mehra and Jackson, 
1960) to remove poorly ordered material. 
International size classifications were adopted: 
sand 2-0.02mm, silt 20-2um and clay ~2um 
n'lenty-four sampl es (4 depth i ncrements/6 profil es) 
were determined in this way. 
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(b) Chemical parameters 
(i) Qli 109 of field moist soil was thoroughly mixed with 
25mls of distilled water and left to stand overnight before 
reading on a Radiometer 23 pH meter. The pH of soil/molar 
KC1 suspensions (1:10) were determined in a similar manner. 
(ii) Oxidisable carbon Percentage oxidisable carbon was 
determined on ,,250um air-dried samples using the wet 
dichromate oxidation of Walkley and Black (1934) with a 
back titration against ferrous ammonium sulphate. 
This method does not recover all the organic carbon 
present in the sample, so the results were expressed as 
percentage of oxidisable carbon and g/m2 to 50cm profile 
depth. 
(iii) Total nitrogen The semi-micro kjeldahl method of 
Metson (1961) was used for this determination. Results 
were expressed as percentage Nand g/m2 to 50cm profile 
depth. 
(iv) Carbon-nitrogen ratio (C/N) Determined by calcul~tion. 
(v) Oxalate-extractable AI, Fe and Si A modified approach 
to that of Mckeague and Day (1966) was used. 19 of 
~250um air-dried soil was shaken with 100ml 0.2M 
ammonium oxalate (pH 3.0) in darkness on an end over end 
shaker. After centrifuging, aliquots were prepared for 
atomic absorption in the case of Al and Fe, and for 
colorimetric determination in the case of Si. The method 
of Weaver, Syers and Jackson (1968) was used for Si. 
However, the solubility of Si is such that this method will 
not remove all poorly-ordered Si. 
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Results were expressed as a percentage of ignition weight 
and g/m2 to 50cm profile depth. 
(vi) Total phosphorus Determined by X-ray fluorescence 
(Livingstone, 1973). Finely ground ~~50um samples were 
made into pellets using boric acid. Only seven profiles 
were examined. Results are expressed as /Ug/g of P 
and g/m2 to 50cm profile depth. Although called total P, 
analysis was only determined on material passing a 
~2mm sieve. 
(vii) Cation-exchange-capacity Because of time constraints 
this parameter was not measured, but estimated using a 
multiple correlation equation derived by Campbell (1975) 
in a study of some terrace soils near Reef ton. 
(c) Mineralogical parameters 
Soil samples were prepared for X~ray diffraction examination 
by methods essentially similar to those described by 
Jackson (1956). 
Organic matter was oxidised by treatments (usually 12) 
with 30% H202, buffered at pH 5.0 to prevent the 
development of low pH conditions in the soil -H20-H202 
slurry that could cause degradation of Phyllosilicates 
(Douglas and Fiessinger, 1971; Douglas, 1971; and 
Levkulich and \<liens, 1971). II Freell iron oxides were 
removed by treatment with -bicarbonate-buffered citrate-
dithionite. (Mehra and Jackson, 1960). Size fractions 
were separated using procedures outlined by Jackson (1956). 
Mg- and K-satura.ted whole-clay suspensions «2um) were 
prepared by four washings with 0.5 molar MgC12 and 1.0 
molar KC1, respectively, followed by repeated washing with 
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distilled water to remove excess salts. Duplicate samples 
of preferentially-oriented Mg-and K-saturated clays were 
prepared by drying 1% suspensions on glass slides at 
room temperature. Following drying, the Mg-saturated 
samples were glycerol solvated by successive light sprayings 
with 10% glycerol until the specimens retained a transluent 
moist appearance. These were then examined by X-ray 
diffraction at room temperature. 
Initi~lly the K-saturated specimens were also analysed 
by X-ray examination at room temperature, but were 
subsequently re-examined after heating; firstly at 
3500C for two hours, and then again after heating at 
5500C for one hour. ro preclude resorption of water, 
samples were stored at 150°C until X-rayed. 
Some difficulty was encountered with peeling in both ' the 
Mg- and K-saturated clays. When this occurred 0.5% 
suspensions were prepared by drying on glass slides at room 
temperature. If peeling still occurred 0.5% suspen~ions 
were prepared on porous porcelain tiles with the aid of 
suction. 
Preferentially-orientated silt (2-20AJm) suspensions were 
prepared for X-ray analysis in a similar manner to that 
used for clays. These were not saturated with any 
particular cation. 
X-ray diffraction analyses were made on Philips equipment 
comprising of PW 1310 generator and PW 1050/25 gonimeter 
using r~n filtered FeK~ radiation (40kV, 25mA) and a 
proportional counter coupled to an arithmetic chart counter 
using pulse height analysis. The divergence, receiving, 
4.2.5 
and scatter slits were set at 10 , O.lmm and 20 
respectively for both clays and silts. A goniometer 
speed of 10 28/minute, a chart speed of 1cm/minute, 
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and a time constant of 2 seconds were used. The rate 
meter \-/as varied according to the intensity of reflections 
from parti cul ar sampl es. Cl ays \o'Jere scanned from 
2-400 , 28 and silts from 2-600 , 26. 
Semi-quantitative trends of clay mineral distribution 
were based on the relative peak areas of diagnostic 
X-ray diffraction spacings. 
Because of the time involved itl sample preparation for 
X-ray diffraction analysis, only eight profiles were 
examined. Three formed a catena down the hollow of the 
valley basin, and three other profiles formed a catena 
in an adjacent nose zone. The remaining two profiles 
were sampled from a podzol and gley podzol in catchment 9, 
Not every depth increment was determined. Instead 
four samples, approximating the lower A horizon, the 
upper, mid and lower B horizons were investigated from 
each profile, all from the colluvial soil mantle above 
the conglomerate. Excepting the podz~l, each sampling 
site was chosen so as to be as far removed as practically 
possible from the influence of beech and podocarp trees. 
DIAGNOSTIC CRITERIA FOR CLAY MINERAL IDENTIFICATION 
Identification of the crysalline mineral species present 
was based solely on X-ray diffractometry~ OVer the years 
many authors have precisely determined the basal reflections 
characteristic for each clay mineral, e.g. Brown (1972). 
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Some diagnostic criteria were discussed by Campbell (1975) 
and are repeated here, since they are relevant to this study. 
(a) Micaceous cl ay minerals These are recognised by a 
1.0nm based spacing and its integral series of higher order 
reflections, that do not shift on varying the ex~hangeable 
cation, with glycerol solvation, or upon heating at 5500C. 
Micaceous minerals in the clay fraction of soils have 
cOlTU11on 1 y been ca 11 ed II i 11 He II • 
(b) Vermiculite A 1.4nm basal spacing on glycerol solvation 
of t~g2+ saturated clay, \'Jhich collapses to give a sharp 
1.0nm spacing on K+ saturation and heating to 3500C, is 
used to indicate the presence of vermiculite. In contrast 
to chlorite, (particularly Fe-rich species), vermiculite 
has a very weak 0.7nm reflection. 
(c) Smectites 2:1 type clay minerals within this group are 
indicated by a broad spacing of 1.8nm in glycerol 
solvated, Mg2+ saturated clays. As with vermiculite, 
this spacing collapses to 1.Onm on K+ saturation and 
heating at 3500C. In the past this group of minerals 
have often been called montmorillonites. This is 
confusing, since this term is also used to describe a 
particular mineral subgroup, and an individual mineral 
within the subgroup (Brown, 1972). 
(d) Chlorite Minerals within this 2:1:1 group are recognised 
by an integral series of peaks associated with a basal 
spacing of 1.4nm, that show no expansion on glycerol solvation, 
or collapse \',Ihen heated lit 5500C. Heating at 5500C sharpens the 
fi rs t order spaci ng and increases its i ntens ity, \'/hereas 
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the intensities of the higher order spacings decrease. 
(e) Kaolin~te grou p minerals Kaolinite is characterised by 
strong first and second order basal reflections at 0.72 
(f) 
and 0.36nm respectively, that sho'l' no expansion on glyceral 
solvation, but disappear on heating at 5500C, since the 
crystal structures of these minerals are destroyed at this 
temperature. Metahalloysite shows a broad basal 
spacing ranging from 0.72-0.75nm, which is sharpened 
and reduced to 0.72nm on heating at 3500C. 
In the presence of chlorite, identification of Kaolinite 
by X-ray diffraction may prove difficult, because the 
second and fourth order reflections of chlorite tend to 
overlap the first and second order kaolinite spacings. 
Fortunately, chlorite was not iaentified in this study, 
so the problem did not eventuate. 
Interstratified minerals Due to the structural 
similarities of clay minerals, interstratifications 
can exist in which individual crystals are composed of the 
elementary layers of two or more different clay components. 
These interstratifications form in soils as a result of 
differential weathering of the individual layers of the 
various clay minerals. Whenever they occur with a fixed 
periodicity, a regularly interstratified mineral occurs 
but if the interlayers exist in a random fashion the 
interstratification exhibits little structural order. 
(i) 2:1-2:2 AI-intergrade (or pedogenic chlorite or chloritised 
verilliculite). These intergrades are characterised by a sharp, 
high intensity, 1.4nm reflection that gradually collapses 
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towards 1.0nm on heating to progressively higher 
temperatures. Complete collapse to a sharp 1.0nm 
spacing does not occur on heating, nor does tne 1.4nm 
reflection intensify. The properties of the intergrade 
are therefore intermediate between those of vermiculite 
and chlorite, and its resistance to collapse on heating 
results from the presence of hydroxyalumina polymers 
in the interlayer spaces. 
A similar intergrade with properties intermediate between 
those of smectite and chlorite also occurs. 
(ii) Mica-vermiculite This type of interstratification is 
characterised by a r~f'ection between 1.0 and 1.4nm 
on Mgz+ saturation and glycerol solvation, which 
collapses to give a sharp 1.Onm spacing on K+ 
saturation and heating at 350oC. The presence of a 
reflection abo~t 2.4nm on glycerol solvation indicates 
some regularity in the interstratification. 
(iii) Mica-chlorite These intergrades show a spacing 
between 1.0 and 1.4nm that is not affected by glycerol 
solvation, or by heating at 550oC. 
(iv) Interstratified smectite Peak migration curves for random 
interstratifications of 1.0 and 1.75nm layers indicate 
that changes in the relative proportions of the two 
components do not significantly alter the position of the 
1.8nm spacing. The major variation is in the intensity 
of the peak. This means that the 1.8nm spacing in a 
diffractogram could be due to an interstratified 
smectite-mica. 
The presence of a 2.8nm spacing on Mg2+ saturation and 
glycerol solvation indicates an interstratified mica-
smectite. 
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Smectite-vermiculite interstratifications are also 
possible being characterised by expansion in the 1.4-1.8nm 
region on Mg2+ saturation and glycerol solvation, and 
collapse to a sharp 1.0nm peak on heating at 3500C 
when saturated with potassium. 
Mica-vermiculite-smectite interstratifications can also 
occur. These are characterised by a broad low intensity 
band with one or two maxima in the range 1.0 to 1.4nm 
on K+ saturation, \'Jhich collapse to a strong sharp 1.0nm 
spacing when heated at 3500C. On Mg2+ saturation 
and glycerol s?lvation these interstatrifications expand 
to larger spacings with the appearance of a 1.0nm peak. 
(g) Quartz Identification of quartz in X-ray diffractograms 
of soil clays is normally based on the (100) spacing at 
O.426nm, since the more intense (101) reflection at . 
0.3343nm nearly coincides with the strong third order 
reflection of micacous minerals. 
(h) Gibbsite A reflection of 0.485nm which is destroyed on 
heating at 3500C is indicative of crystalline gibbsite. 
(i) Fel ds pars Plagioclase and potassium feldspars are 
usually recognised by spacings between 0.318 and 0.324nm. 
2 6 QUANTITATIVE DETERMINATION OF CLAY SIZED MINERALS 4. . . 
Many techniques have been employed to achieve a 
quantitative measure of clay and other minerals found 
in soils. Some of these are briefly listed below: 
(a) Methods based on crystal structure - X-ray diffraction 
(XRD) and electron diffraction analysis. 
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(b) Methods based on thermal properties - differential thermal 
analysis (DTA) and thermo gravimetric analysis (TGA). 
(b) Methods based on size and shape - electron - optical 
techniques. 
(d) Methods based on chemical and physiochemical properties .-
surface area, ion exchange properties, cation exchange 
capacity delta value, sedimentation volume measurements, 
elemental chemical analysis and selective dissolution 
analysis. 
(e) Methods based on other properties ~ infra red spectroscopy 
and optical microscopic studies. 
Brindley (1976) reports that XRD has probably enjoyed the 
most widespread usuage, both because it is the major 
technique for clay mineral identification and because of its 
ease and speed of analysis. 
When XRD is used in qualitative identification of clay 
minerals, the positions of the various basal reflections 
and their alteration or otherwise under different treatments 
is evaluated. For this purpose, preferred orientation along 
the basal planes of the minerals is desired, because the 
tendency for clay minerals to orient under stress enhances 
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the magnitude of the diffraction peaks andalso simplifies 
the diffractogram. When quantitative analysis is 
attempted using XRD, the aim is to directly relate the 
intensities or peak areas of minerals identified on a 
diffractogram of a mixture of minerals to the quantities 
of individual minerals present (Carroll, 1970). 
Because peak intensities depend markedly on orientation, 
it is therefore necessary to use randomly orientated 
specimans in quantitative analysis. When this can be 
achieved, and the mixtures to be analysed contain 
essentially monomineralic components which are also pure 
and can be used as standards for calibration purposes, 
it is possible to obtain accurate quantitative results 
using XRD. Unfortunately, this is not normally the case 
with soil clay minerals. There are instead a large number 
of variations, resulting from a variety of causes, which 
operate to prevent random orientation and crystallographi-
cally identical sample and reference minerals. 
Some of the sources of variation are: changes in particle 
size, changes in degree of crystallinity, variable 
chemical composition both within different planes of atoms 
in one sample as well as between different samples of 
the same mineral. In addition interstratifications, 
contamination by organic matter and amorphous components, 
instrumental and sample separation differences all lead 
to quantitative analysis by XRD being less than accurate. 
Brindley (1972) has reported that because of problems 
of obtaining representitative standards the best that 
one can hope to achieve is a semi-quantitative determination, 
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which, in favourable circumstances may be reasonably 
accurate, but which in unfavourable circumstances might 
be quite inaccurate. 
Although accurate quantitative assessments are not normally 
feasible using XRD, it is possible to obtain useful 
comparisons and indications of trends, by utilising 
intensity ratios based on diagnostic peak areas. 
Because diffractions at low angles of incidence give stronger 
peaks of greater intensity than diffractions at higher 
angles, it is necessary to use weighting factors to compare 
diffractogram peak areas on a common basis. By doing 
this the percentage of each phyllosilicate component 
can be estimated in each sample. 
In this study, percentage peak areas were not determined, 
but instead clay minerals identified on each diffractogram 
were visually grouped into three classes: dominant 
component, major mineral component and minor to trace 
component. Weighting factors as discussed by Campb~ll 
(1975) were taken into account in making such distinctions. 
These are listed below: 
Mineral Basal spacing (nm) Correction 
kaolinite 0.7 X 1.50 
mica 1.0 X 1.00 
intergrade 1.0-1.4nm 1.2 X 0.50 
vermiculite/ 
pedogen~chlorite 1.4 X 0.33 
smectite 1.8 X 0.25 
No other method of quantitative analysis was attempted, 
firstly because semiquantitative trends were all that were 
factor 
4. 
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required, and secondly, because time did not permit them. 
3 RESULTS AND DISCUSSION 
In the sections which follow the physical, chemical and 
mineralogical parameters determined are discussed, both 
from the point of view of soil catenary relationships 
and the nose, sideslope and hollow landscape bodies 
delineated in section 3.2.3. 
4.3.1 PHYSICAL PARAf1ETERS 
Data showing depth of horizons, bulk density, field moisture, 
moisture and loss-an-ignition are recorded in Table 4. 
Mechanical analysis data are summarised in Figures 16, 
17 and 18. 
(a) Organic Matter 
In the course of mapping catchment 4, it was observed 
that organic horizons were noticeably thicker in the higher 
parts of the landscape, for example, noses were often 
overlain by upwards of 30cm of 0 horizon, whereas in the 
adjacent hollows, these horizons were commonly less than 
Scm thick. Where soils are associated with the debris 
core of a living tree or decaying stump, it is possible 
for the organic horizon to be greater than one metre in 
thickness. Visual appraisal suggested the majority 
of trees were growing on or near to the well drained nose 
sites, thus it seems that organic horizons are thicker in 
these positions simply because there are more trees and 
therefore more 1 itter accLlll1ul ati on than in the ho 11 o\'/s. 
Alternatively, decoll1position rates may be faster in the 
hollow zone because of overall better fertility more 
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favourable to litter decomposition than on the noses. 
At all events, the deeper 0 horizons in nose zones may 
explain why soil pH values were lowest at these eluvial 
sites. 
(b) Moisture 
Percent moisture and field moisture contents generally 
decreased with profile depth. 
Percent field moisture was high in profiles 3, 6 and 9, 
which is predictable as these soils were all sited in the 
valley basin hollow thalweg. Values recorded for profiles 
6 and 9 were all at or above 50%, while those in profile 
3 are above 50% in the top of the profile. While not 
too much meaning can be read into field moisture results 
since they depend so much on the conditions prevailing 
at the time of sampling, it is reasonable to conclude 
that soils in the hollow zone are wetter than soils in the 
sideslope and nose zones. The high values 
recorded in profile 13 would appear to be related to . 
humic material, since this was also high throughout this 
soil. 
(c) Mechanical Analyses 
Approximate values for sand, silt and clay were obtained 
for four depth increments in each of the six samples 
prepared for mineralogical analyses. These four increments 
approximated the lower A, upper, mid and lower B 
horizons in profiles 10, 12 and 14 in the nose zone and 
profiles 3, 6 and 9 in the hollow zone. However, 
although results are expressed on a volume-weight basis) 
the four increments did not incorporate all horizons 
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within these six profiles and it was therefore not 
possible to observe particle size distribution changes 
with profile depth. As a result values of sand, silt 
and clay were expressed as a percentage of volume-weight 
within each depth increment. Texture differences for 
all profiles are summarised in a triangular diagram 
(Figure 16). 
Profiles 3, 6 and 9 in the hollow show minimal differences 
within each profile, but there are some evident trends 
within the sequence (Figure 17). Sand contents (%) 
increase slightly down the sequence, while % silt and clay 
tend to decrease slightly. Generally it is considered 
that an increase in clay content is associated with 
increasing soil development, and therefore a slight 
decrease in clay content as observed down the hollow 
would suggest that soils in the lowest position are less 
well developed than those in higher positions in the 
hollow zone. Although this finding is consistent with 
other results observed in the study, it is difficult 
to be conclusive since values are only approximate and the 
differences are not great. 
More noticeable trends within profiles were recorded for 
the three samples analysed in the nose zone (Figure 18). 
In profiles 10, 12 and 14 the clay content increased with 
depth, while silt content remained about the same and sand 
content generally decreased. The increase in percent 
sand in the lowest samples of profiles 10 and 14 is likely 
to be the result of an increasing proportion of weathered 
clasts at this depth. Possible explanations for the 
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increase in clay content with depth in these freely 
drained nose soils are, firstly, that clay has been 
eluviated from the topsoil into the B horizon, and 
secondly, clay in the upper part of the profile was 
destroyed as a result of exposure to organic chelates 
and low pH conditions over sustained period of time. 
Organic staining was observed on the surface of B 
horizon peds in the soils of both the nose and sideslope 
zones . While clay could conceiveably be 
complexed with this humic material, there was no evidence 
of clay skins in these horizons, and consequently clay 
destruction ;s probably the more likely mechanism. The 
lower clay content in the lower B relative to the middle 
B horizon in profiles 10 and 14 is more likely a result 
of 'less clay formed in these deeper horizons , rather 
than a build up in the middle of the profile due to clay 
illuviation. 
There does not appear to be any obvious trends in the 
percent sand, silt and clay recorded along the nose 
sequence. 
The ranges for percent sand, silt and clay, were much the 
same for both the nose and hollow sequences. The high 
values for sand content (46-64% range) in each profile 
reflects the sand contributed from the disintergration 
of strongly weathered sandstone and granite clasts of 
these soils parent material rather than the fact that 
soils are weakly developed. 
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(d) Bulk.oensity 
Apart from the soils in the hollow zone, bulk density 
values generally increased with profile depth (Table 4). 
Five of the twelve soils in the nose and sideslope 
zones - profiles 2, 7, 11, 13 and 14 - showed a 
decrease in bulk density at the base of the profile. 
This may be indicative of a zone of material at the 
interface of soil and conglomerate that is structurally 
less strong than the overlying material. 
This same decrease was recorded for profiles 3, 6 and 9 in 
the hollow zone. Profiles 6 and 9 showed uniform bulk 
densities values around or just above 1.0 for their 
entire profile which possibly reflect the influence of 
pore water pressures in these poorly drained soils. 
A large range v·Jas observed for the bulk density values in 
the surface horizons e.g. 0.5 - 1.24 (mean = 0.85). 
This was a consequence of trouble with roots when trying 
to obtain soil ~ores. The problem decreased in the , 
subsoil but VJas replaced by another e.g. difficulty viith 
stones, and so large ranges were also recorded for these 
horizons. Therefore, although values were duplicated 
they are best used to indicate trends rather than absolute 
bulk density measurements. The main trends observed 
I'Jere: firstly that bulk density increased with profile 
depth, but by a greater amount in the nose than sideslope 
soils, and secondly, bulk densities were lowest and 
uniformly consistent in the hollow soils. As a result 
bulk density measurements can also be an aid in 
distinguishing the three landscape bodies differentiated 
4.3. 
in the study area. 
2 CHEMICAL PARAl'1ETERS 
In this section data recorded for soil pH (in both 
distilled water and molar KCl), oxidisable C, 
total N, C/N ratio, oxalate-extractable AI, Si and Fe, 
total P and CEC are discussed. 
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(a) Soil pH 
Soil pH values are very 10\'1 throughout the 15 profiles 
examined in the valley basin, with the majority bela",} 
pH 5.0 in all parts of the profile (Table 5). The pH 
values showed an increase with profile depth (Figures 
1~21) usually in the order of pH 3.4-3.7 for the organic 
horizon increasing to 4.6-5.0 in the subsoil. 
On the whole, soil pH values for the soils in the nose 
zone tended to be lowest, there being a gradual increase 
down the nose as well as towards the adjacent hollow zone. 
These results are consistent with the principles implicit 
in the catena concept, where the leaching potential of 
water moving downslope tends to decrease because of 
progressive enrichment with solutes (Hal~worth et al, 1952). 
As a consequence, soil pH values increase in the lower 
slope positions. Keller (1962) noted that water is not 
an inert molecule, but rather a powerful chemical 
reagent supplying both hydroxyl and hydrogen ions which 
can attack other compounds. Because of their small 
size and very high charge density, hydrogen ions can 
readily penetrate mineral structures composing larger 
sized ions and replace them, creating havoc to the internal 
mineral structural components. In this study the sources 
of hydrogen ions are most likely to be vegetation, 
although rainfall may contribute as well. 
After rain, many soil bases are leached away being 
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removed directly as soluble components of the soil solution 
or by chelat·ion; alternatively they may be precipitated 
as new insoluble compounds or incorporated within the 
biomass. The water responsible for these changes reaches 
the soil via stem flow, leaf drip or incident rainfall. 
Gersper and Holowaychuk (1971) have reported that stem 
flow is more acidic and contains larger amounts of 
nutrients than leaf drip. This in turn is more enriched 
than incident rainfall (tiill; 1955; 1968; ~liller, 1963). 
Despite these inputs of nutrients, the leaching water 
passing through the eluvial nose soils will have only a 
relatively low concentration of soluble organiG acids 
and exchange of soil bases for the hydrogen of the 
leaching water will be very high. Moving downslope 
the soils will receive water that has a higher concentration 
of bases, and therefore has a lower potential to exchange 
bases for hydrogen ions. The maximum expression of this 
condition will be revealed in the lower slope positions. 
This is illustrated in the current study by the pH values 
recorded in profile 9 (Table 5) towards the lower end of 
the hollow zone. While pH values elsewhere in the valley 
basin were below 5.0, in profile 9 the soil pH values 
were considerably higher, ranging from 4.9 at the surface 
to 5.6 for the deepest horizon measured. Profile 9 
was also shown to be different from profiles 3 and 6, the 
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other soils sampled in the hollow zone, with pH values 
1.2 pH units higher in the surface and 0.8 - 1.~ pH 
units higher in the subsoil horizons. Soil pH values 
were observed to increase downslope in most of the catenas 
sampled but none so markedly as those ending with profile 
9 in the i11uvia1 position. It could therefore be 
that soil development has reached the stage where the 
more mobile soil elements have been translocated out 
of the valley basin, and the higher pH values recorded 
in profile 9 are a result of catching the tail of this 
wave of translocation (Huggett, 1975). This same trend 
was observed to a lesser extent in sample 14 situated in 
a small valley basin at the end of a nose. Rather than 
being translocated to adjacent hollow zones, material 
in this region is directed towards the stream draining 
catchment 4 and consequently profile 14 is also bUfferred 
by solutes in transport and as a result pH values are 
relatively higher in the B horizon. An alternative. 
explanation for these hi~her values could be that profile 
14 is developing on two layers of colluvium, for there 
seems to be a break in the pH curve at 20cm (Figure 19) 
dividing the profile into two zones. However, there was 
no strong morphological evidence to support this, and thus 
the former explanation is .probably more reasonable, 
especially since pH is more likely to be related to 
organic matter rather than parent material. 
The range of soil pH values resulting from hydrolysis 
and other sources within the soil is very important because 
of its effect on the relative solubilities of the products 
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of chemical weathering. This will be discussed further 
in the section 4.3.3 on clay mineralogy. 
(b) Oxidisable Carbon 
Data for percent oxidisable carbon (axid. C) volume-weight 
of oxid.C to 50cm profile depth and percent loss-on-
ignition (LOI) are recorded in Table 6. Some mean values 
for oxid.C are recorded in Table 7. 
Both oxid.C (Figure 22) and LOI (Figures 23 and 24) decrease 
with profile-depth from a mean value for all oxid.C 
values in the valley basin 0 horizons of 28.7%, to 5.4% 
in the topsoils and 2.0% in the subsoils. Despite this 
decrease in depth oxid.C values are therefore still 
quite high even in the deepest horizons. 
In section 4.3.1 it was observed that the thickness of 
the 0 hori zan decreased with slope pos i ti on between the 
nose and hollow zones. This trend is partially 
supported by the mean oxid.C values for the 0 horizons in 
each zone. 31.3% for the nose sites and 25.3% for the 
sideslope sites. Only profiles 3 and 6 had organic 
horizons in the hollow zone, and the average of these two 
values, 31.2% oxid.C, although higher than the sideslope 
value, was probably not conclusively so on the basis of 
only two samples. Of the six catenas running between 
the nose and hollow zones in the sample valley basin only 
four (catenas 2, 3, 4 and 6) showed consistent trends in 
volume-l'ieight of oxid.C to a depth of 50cm. HOIvever, of 
these four catenas, three (catenas 2, 3 and 6) showed an 
increase in the weight of oxid.C across slope between the 
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nose and hollow zones. 
The topsoil and subsoil horizons did not support this trend. 
OXid.C in the topsoil increased across slope with values 
of 4.9%, 5.3% and 6.1% respectively for all topsoils 
incorporated within the nose, sideslope and hollow zones. 
OXid.C values for the subsoil horizons were 1.7%, 
2.6% and 2.7% respectively for the nose, sideslope and 
hollow zones. However, the differences between the nose 
and hollow values for both surface and subsoil horizons 
were not great, and consequently not too much can be read 
into them. Profiles 1,4 and 7 on one nose in the valley 
basin showed an increase in weight of oxid.C to 50cm depth, 
but no consistent trend was observed between profiles 10, 12 
and 14 on the other nose. 
In the hollow zone, percent oxid.C decreased between 
profiles 3 and 9 in both the top and subsoils. 
This trend was also supported by the volume-weight data. 
Such a decrease along the hollow sequence might possibly 
be the result of an increasing volume of water passing 
down the thalweg in the hollow, removing organic material 
more quickly from the 10\ver more poorly drained sites 
in the hollow. Alternatively, the onset of reducing 
conditions in the latter sites may be favourable to a 
greater loss of carbon dioxide to the atmosphere than in 
higher parts of the hollow zone. 
In earlier sections a thin 5-10cm horizon was observed 
immediately above the conglomerate along the track in 
catchment 9. This horizon appeared to be enriched 
in organic material. This observation was not supported 
by either Lor or oxid.C findings in the profiles 
investigated in the sample valley basin in catchment 4. 
Morphological evidence based on the soil survey of 
catchment 4 showed such horizons were in fact present. 
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A possible reason why they were not detected could be 
due to the method of sampling. Often this thin horizon 
weaved around the uppermost clasts at the top of the 
conglomerate, and as a consequence, it is quite feasible 
that this horizon was therefore not even investigated 
when the samples were taken using a Jarrett auger. 
A notable feature of the soils in both the sideslope and 
nose zones was the humus staining observed on the peds 
and fracture surfaces in the B horizons. It is possible 
that much of this organic material is complexed with cations 
and with hydrous oxides of iron (Fe) and aluminium (AI) 
and thus playing a significant role in the loss and these 
two elements from the upper horizons during soil genesis. 
Oxalate-extractable Al and Fe values were observed to be 
highest in the B horizons of these soils, suggesting that 
this at least is a possibility. 
No accumulation of organic material was observed in the 
upper part of the B horizon, which was to be expected 
since sampling sites were biased away from trees and 
stumps, and therefore no podzols were examined. 
(c) Total Nitrogen 
Data for percent total nitrogen (N) and volume-weight of 
total N to 50cm are recorded in Table 6. Mean values for 
some total N values are recorded in Table 7. Depth 
functions for total N in a sequence in the hollow and on 
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an adjacent nose are recorded in Figure 25. 
As with oxid.C highest values of total N were observed in 
the 0 horizons, but unlike oxid.C there was no obvious 
relationship between total N and slope position in the 0 
horizon either on a percentage or volume-weight basis; 
0.81%, 0.75% and 0.79% respectively were the mean values for 
all 0 horizons sampled in the nose, sideslope "and hollow zones. 
Mean percent total N increased between the nose and ho 11 ow 
zone in both topsoils and subsoils: 0.19%, 0.23% and 0.34% 
being the values for the topsoils in the nose, sideslope and 
hollow zones respectively, and 0.08%, 0.13% and 0.16% 
respectively the values for the subsoils in the same positions. 
No obvious trends were observed down the noses, but like oxid.C, 
total N also decreased in the hollow, both on a percentage 
and volume-weight basis. Topsoil values were 0.40%, 
0.36% and 0.25% respectively for profiles 3, 6 and 9. 
Reasons for this decrease are probably the same as mentioned 
for oxid. C. 
(d) C/N Ratio 
C/N values decrease with depth in the valley basin from a mean 
values for the 0 horizon of 36 to 27 in the A and 18 in the 
B horizon. 
The data of Table 6 indicate that the C/N ratios can be separated 
into two group; ngs: those \'Ii th C/N ra ti OS" 20 throughout all 
the profile and those I'lith C/N ratios~20 in the topsoil and'(20 
in the subsoil. The soil s of the hollo\\} zone belong to the 
first group with a mean topsoil value for profil es 3, 6 
and 9 of 19, and a mean 
subsoil value of 17, and thus C/N ratios are fairly 
uniform throughout the profiles in the hollow zone. 
Soils in the nose and sideslope zones belong to the 
second group. 
Lutz and Chang1er (1946) reported that the critical 
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C/N ratio for forest soils in terms of nitrogen 
mineralisation generally lies within the range 20:1-30:1. 
Where values are higher than 30:1, as occurs in the 0 
horizons of this study, according to the above authors 
N ;s immobilised, and where C/N <20, N is mineralised 
and released. However, although C/N ~o in the 0 
horizon, the majority of the feeding roots were 
observed to be present in this organic layer which 
suggests that the prevailing vegetation is obtaining 
a supply of nutrients despite the high C/N values. 
(e) Oxalate-extractable AI, Fe and Si 
Complexing reagents such as Tamm's acid ammonium oxalate 
have long been known to remove poorly-ordered forms of 
Al and Fe from soils. Some Si is also extracted, but 
because of solubility relationships, all the poorly-ordered 
Si may not be extracted by the acid solution. As a 
result Tamm's oxalate has been popular in assessing the 
relative degrees of weathering and leaching in soils 
(Blackemore et al, 1972), and has been developed to provide 
a measure of the quantity of amorphous products that 
accumulate during the weathering process (Deb, 1950; 
McKeague and Day, 1966; McKeague, 1967; Dudas and 
Harward, 1971; and McKeague, Brydon and Miles, 1971). 
In common with other selective dissolution methods, 
I 
Tam~'s oxalate cannot differentiate sharply between 
different forms of AI, Fe and Si, which are present as 
various continua in natural soil systems. As a 
consequence, this approach is largely empirical. 
In the present study, the data derived from Tamm's 
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acid ammonium oxalate extraction as modified by McKeague 
and Day (1966) are recorded in Tables 8 and 9 and 
summarised as depth functions in Figures 26-30. 
A comparison of the depth functions between the soils 
of the hollow zone (Figure 26) and those on a nose 
(Figure 27) indicate two quite different situations. 
Oxalate-extractable AI, Fe and Si levels, expressed as 
percent of ignited weight for A1203, Fe203 and Si02, are 
uniformly low throughout each of profiles in the hollow 
while on the nose, values are similar to the hollow site 
A horizons but increase in the B horizon. This 
accumulation of poorly ordered material is shown on the 
depth functions as a pronounced bulge best illustrated 
for A1203 (Figure 27). This situation is typical of the 
spodic form of diagnostic horizon, where the dominant 
processes operating are dissolution of clay minerals in 
an eluvial horizon, and movement of Fe, Al and organic 
matter, with eventual precipitation of complexes of this 
material in an i1luvial position (U.S.D .A., Soil Survey Staff, 1975) 
(FAO -UNESCO, 1974). Soils in the sideslope positions show 
the same trend. Thus it is again possible to separate 
soils in the hollow zone from those elsewhere in the 
valley basin. Because the oxalate-extractable levels 
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of A1203, Fe203 and Si02 are so much ~ower in the hollow 
zone there would appear to be no build up of these elements 
down slope from nose to hollow. However, there was 
often a larger accumulation of poorly ordered Si02, 
than in the 
nose zone. This indicates that lateral translocation 
of amorphous material is a possibility, even though the 
low quantities in the hollow soils seem to contradict this. 
The low values recorded for profiles 3, 6 and 9 are 
perhaps surprising, since all the soils within the Mai 
Mai area are developing on an old and strongly weathered 
soil parent material. As Tamm's oxalate extracts are 
often used as a relative index or indicator of weathering, 
one would expect the levels of A1203 and Fe203 extracted 
by this method to be considerably higher within all the 
soils of the valley basin than \'las observed to be the case, 
particularly so for the illuvial hollow sites at the 
base of catenas. The fact that oxalate-extractable 
values are low at these later sites could be one of 
several reasons. Firstly, the low levels of Fe203 could 
well be explained in terms of redox potentials in the 
ho 11 0\<1 zone. It is unlikely that Fe would precipitate 
in reducing conditions, but rather would tend to dissolve. 
However, this hypothesis does not account for low levels 
Secondly, it could simply be the result of 
high volumes of water passing through the hollow. This 
would prevent build up of poorly ordered material at 
these sites, by tapid transportation out of the valley 
basin once it reaches the hollow . Soil pH values 
throughout most of profiles 3 and 6 are low enough 
«4.5) for Al to be in solution and available for 
transport, and a slight increase in extractable A1203 
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at the base of these profiles is consistent with soil pH 
values having increased to levels where Al would be 
expected to be less soluble and precipitated. The 
silt loam textures and high poroity (bulk density 1.0) 
of these soils are also favourable for the rapid 
translocation of material out of the system. If, however, 
large amounts of oxalate-extractable poorly ordered 
material are being translocated into hollow sites, and 
the leaching ~Jaters are the mechanism of removal, then 
oxalate-extractable values would be expected to be low 
in the surface horizons where water transport would be 
greatest. One might therefore expect to observe a 
gradual build up of amorphous material throughout the 
profile, for it is unlikely that leaching potential would 
be equal in each horizon. Such a build up was not observed. 
In addition, although profiles 3 and 6 are mottled it 
is doubtful whether they are sufficiently leached to 
prevent some build up of amorphous material with depth. 
This might not be so in profile 9 which is a wet gley 
soil, but pH values for this site are all in the range 
where Al would normally be -less soluble. A third 
reason oxalate-extractable A1 203, Fe203 and Si02 are low 
in the hollow zone could be as a result of chelation. 
In section 4.3.2(a) it was observed that top and subsoils 
in the hollow zone had higher oxidisable carbon values 
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than on the noses and sideslopes and these values decreased 
towards the mouth of the valley basin. A reason suggested 
for this decrease was that organic material was being 
rapidly transported out of the system in the leaching 
waters. It is therefore possible that Al is low in profile 
9 because it is being removed by chelation v.Jith organic 
material. This introduce~ a fourth hypothesis for low 
levels of AI203~ Fe203 and Si02 in the hollow soils. 
Before being removed in solution poorly-ordered forms 
of A1203~ Fe203 and Si02, may have been destroyed by the 
prevailing soil enVironmental conditions. Instead of 
transport by chelation out of the valley basin~ these 
cations could move as soluble ions until the solubility 
product of one or all of these was exceeded~ in which case 
they would precipitate out of solution once more. This 
may perhaps occur when these ions reach the conglomerate~ 
and it is therefore possible that there could be Si; Fe or 
Al pans or layers that have penetrated the upper zone of 
the conglomerate~ or perhaps formed just at the junction 
of soil and conglomerate. These could easily have been 
missed by the method of sampling as discussed in earlier 
sections. Such pans were however evident as thin 
black waxy zones at the soil/conglomerate interface 
and along cracks in the conglomerate in catchment 9. 
Therefore the increasing values recorded for A1 203 and 
Si02 ill the base of profiles 3 and 6 could be the result 
of detecting part of such pan material. 
A further hypothesis for the low levels of oxalate-extractable 
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poorly ordered material in the hollow is that the duration 
of soil development has been restricted compared with 
soils in the nose and sideslope zones. Such a 
situation could arise because soils in the hollow zone 
are younger as a consequence of erosion phenomena adding 
fresh parent material to this zone. The valley-in-valley 
landscape form in incised situations within the F.R.I. 
Experimental Catchments indicates that erosion phenomena 
have at least been operating at some stage in the past. 
Within the Mai Mai landscape as a whole soil development 
may not have reached the stage expected for soils forming 
in a high rainfall environment . The highest values of 
oxalate-extractable Al and Fe recorded by Campbell 
(1975) in his study of a sequence of terrace soils 
near Reef ton, were 1.51% Al and 1.96% Fe in the B 
horizons of soils on the Ahaura landsurface. When 
converted to A1 203 and Fe203 these values are substantially 
higher: 2.85% for Al 203 and 2.80% for Fe203. The 
majority of depth increments sampled in the nose and 
sideslope zones of the valley basin investigated in 
catchment 4 are well below these values i.e. the mean 
values for the highest oxalate-extractable values recorded 
in each profile within the nose, sideslope and hollow 
zones were 1.49 (0.84)%, 1.68(1.09)% and 1.01 (0.65) % 
respectiv~ly for A1203 and 1.57 (0.98) %, 1.53 (1.37) % 
and 0.79 (0.47) % respectively for Fe203' (Figures in 
brackets are the mean values of all depth increments 
analysed for the grouped profiles in each zone, and are 
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considerably lower still). 
Even when examined on a volume-weight basis the values of 
A1 203 and Fe203 observed in this study in the Blackball 
hi 11 soi 1 s are lovJer than the values recorded by CaJllpbe 11 
for Ahaura soils. As the Blackball hill soils are 
underlain by the Old Man Gravel Formation which is thought 
to be older than the Ahaura landsurface (Suggate 1957, 
1965), it seems reasonable to suggest that the soils in 
the sample valley basin are less developed than the 
Ahaura soils. As the latter are situated in about the 
middle of the Reef ton chronosequence (Campbell, 1975), 
present day soils forming on the Old Man Gravels might 
possibly be in the early-middle stages of development. 
However, Campbell also found that amounts of poorly-
ordered Fe and Al increased to a maximum and declined 
again with time in the soils of the oldest terraces. 
Consequently, levels of Fe and Al in the Blackball hill 
soils may be low because these soils are older and past 
the stage of highest accumulations of amorphous material. 
Nonetheless, the low levels of Fe and Al found in the 
oldest soils of the Reef ton chronosequence were associated 
with poorly drained soils of poor structure. Such is 
not the case in the majority of the Blackball hill soils 
which are freely drained and of good structure. As a 
consequence, it is difficult to be conclusive about any 
of the suggested mechanisims for low levels of oxalate-
extractable A1 203• Fe203 and Si02 in the sample valley basin 
at this stage as there is still further data to be discussed. 
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(f) Total phosphorus 
Total P (PT) was measured for only seven profiles: 3, 6 
and 9 in the hollow zone and 10, 12 and 14 on the nose. 
Profile 11 in the sideslope zone linked profiles 10 and 
3 into a short ca~ena running between the nose and 
ho" 0\,1 zone. 
Only soil «2mm) belO\" the 0 horizon was investigated. 
Results are expressed as~g/g and g/m2 and are tabulated 
in Table 10 and summarised in Figure 31. 
In most of the profiles, PT was high in the topsoil, 
then decreased with depth before increasing again toward 
the base of the profile. Higher values in the surface 
horizons most likely reflect the accumulation of organic 
matter, while the lower values in the horizons immediately 
, 
beneath are probably the result of acid soluble P being 
lost from these positions to the leaching waters and P 
uptake by plants. The increase in PT towards the 
base of the profiles is possibly a consequence of soil 
material being less weathered with increasing profile 
depth. Apatite has been shown to be the dominant form 
of P in many parent materials (Syers et al, 1967; 
Williams et al, 1969). It is therefore possible that 
higher levels of apatite could still be present in the 
deeper soil horizons. The validity of this suggestion 
will depend largely on the degree of preweathering of the 
soil parent materials (Syers et al, 1970). However, 
it is unlikely that this increase of PT at depth results 
from a build up of organic P, since both oxid.C and LOI 
122 
values show that soil organic matter declines 0ith 
depth. Nor is this increase likely to result from 
translocation of P with Al and Fe underlow pH conditions 
because oxalate-extractable levels of A1203 and Fe203 
were very low in the hollow zone. In addition, the pH 
)5.0 in all the horizons in profile 9, conditions which 
are unfavourable to the solubilization of Al and Fe. 
Within both the hollow and nose sequences (Figure 31) 
PT increases with distance downslope i.e. g/m2 of PT 
to 50cm for profiles 3, 6 and 9 were 149.1, 169.6 and 
188.5 respectively. Similarly the values from top to 
bottom of the nose were 152.6, 176.9 and 181.5 g/m2 of 
, PT in profiles 10, 12 and 1~ respectively. These results 
are in accord with the findings of Smeck (1973) who 
observed that although P is immobile in soils in the 
short term, it can be redistributed over the long time 
spans involved in soil development. As a consequence, 
P tends to accumulate at the base of slopes. 
The PT depth function for profile 14 (Figure 31) in the 
lowest position on the nose is a little different than 
the depth functions for profiles 10 and 12. This 
anomaly can probably be explained in terms of a difference 
in site, for profile 14 lies with"in a small valley basin 
at the end of the nose. A comparison of the depth 
functions of profiles 6 and 14 shows that PT decreases 
in a similar manner in both soils. Thus, in terms of 
flow of solutes, profiles 6 and 14 could conceivably 
be in identical positions in adjacent valley basins even 
though at first glance, their different positions in the 
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landscape might indicate otherwise. 
Values of PT are similar in catena 4 comprising 
profiles 10, 11 and 3. On a volume-weight basis to 
50cm profile depth the PT values were 152.6, 145.6 and 
149.1 respectively for these three profiles. Thus 
although P translocation may have taken place, the distance 
between profiles 10 and 3 - approximately 20 metres -
may be too small to detect any differences. 
Values of PT obtained in this study are similar to those 
reported by Mew et al (1975) for two Blackball hill soil 
samples in the course of their soil survey. They are 
also on a par with the PT values reported by Walker 
and Syers (1976) for the medium aged Ahaura landsurface 
(23,000 years) in the Reef ton chronosequence e.g. 
267g/012 PT of '" 2mm soil to 64c01 profil e depth and 
the medium aged landsurface (5,000 years) in the 
Franz Josef chronosequence e.g. 2389/m2 PT of ~2mm 
to 75cm profile depth. Rainfall at Franz Josef is over 
twice that recorded at Reef ton, and as a consequence PT 
declines more rapidly. However, at Reefton the rainfall 
is similar to that recorded in the Mai Mai, although it is 
a little higher at the latter site (Section-1.3.1). 
According to Suggate (1957, 1965) the Ahaura landsurface 
in the Reef ton chronosequence is thought to have formed 
from outwash gravels from the Waimean glaciation and 
these terraces are consequently thought to be younger 
than the Old Man Gravels underlying the Mai Mai area. 
Although Pr values at both sites are not exceptionally 
high (at zero time, PT to 75cm for both stones (>2mm) 
and soil ("'. 2mm) totalled 1292 g/m2 at Franz Josef) 
and parent materials may be different it is perhaps 
surprising that the PT values for the Blackball hill 
soils are not lower than the Ahaura values. Although 
the amount of PT in the clasts of the Blackball hill 
soils parent material was not measured it is unlikely 
to be very high compared v/ith the parent material at 
Franz Josef, since the Old Man Gravels are thought to 
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have already been deeply weathered when these deposits 
were laid down (Suggate, 1957). This can be verified 
by the softness of the clasts which in many cases can be 
broken by hand or vii th a hammer, and the fact that they 
are oxidised throughout. Compared to river gravels in 
the Inangahua river, which are hard and bearly oxidised, 
the Old Man Gravels could therefore be said to be strongly 
weathered. By compari son the outwash gravel s of the 
Ahaura landsurface are more weathered than the river 
gravels but much less weathered than the Old Man Gravels. 
(Suggate 1957, 1965; Campbell, 1975). Given the fact 
that topography is different, and there has probably been 
translocation of P across slope which may reduce weathering 
in illuvial positions, it still seems reasonable to 
suggest that, on the basis of PT Blackball hill soils 
are less developed than might be expected (considering 
age of parent material and climate). Such a conclusion 
can at best be speculative, for only seven samples were 
analysed and other data has still to be discussed. In 
addition, a complete P fractionation was not determined. 
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If this had been performed, perhaps a more accurate 
assessment of the relative age of the studied soils may 
have been acheived (Smeck, 1973; Walker, 1974; Walker 
and Syers, 1976). 
(g) Cation-exchange-capacity 
Cation-exchange-capacity (CEC) was not measured, but 
indications of CEC values likely to be encountered 
were determined from a regression equation established 
by Campbell (1975). In his study of a sequence of 
terrace soils developing under a similar climate near 
Reef ton, Campbell computed CEC values for Ahaura soils, 
based on organic matter content: 
CEC = -0.02 + (1.27 x % LOI) 
It is known that organic matter content and CEC value 
are highly correlated (personal comnunication, Professor 
Walker, Soil Science Department, Lincoln College) 
and that Ahaura soils are morphologically similar to 
Blackball hill soils (Mew et al, 1975). It was therefore 
decided that even though these soils are forming in 
topographically different situations the use of the above 
equation was not too unreasonable an assessment of CEC. 
As a consequence, the estimates of CEC value (me/100g) 
recorded in Table 5 and Figure 32, were obtained by 
incorporating LO! data from the present study into the above 
equation. 
CEe decreased with profile depth in each instance from 
a high value of 87.9 (mean of 14 samples) in the 0 horizon 
to 15.1 (mean of 30 samples) in the A horizon and 11.1 (mean 
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of 48 samples) in the B horizon. These values show that 
the highest CEC values are in the organic material at 
the soil surface. This is not surprising as both oxid.C 
and LOI ·values were also highest in this horizon. 
A large proportion of the feeding roots were also 
observed in the 0 horizon. In combination with the 
CEC values obtained, this fact supports the suggestion 
that organic layers have the greatest number of sites 
that can fix cations. As a consequence, the 0 horizons 
are probably the richest horizons in the sampled valley 
basin in terms of soil fertility, despite the 10\'J pH 
values that they record. If this is indeed true, it 
would tend to further the contention discussed under the 
heading of C/N ratio, that these same ratios are rather 
meaningless in forest situations. 
Although the amount of clay is not a factor in the 
regression equation used to compute CEC, it is doubtful 
whether its inclusion would have significantly altered 
the CEC values obtained, although it may have increased 
some of the B hor izon CEC values of soils situated in 
the nose and sideslopezones as some of these soils were 
observed to be clay loam in texture. Although mechanical 
analysis was determined in the course of preparation of 
samples for X-ray diffraction, only specified horizons 
were examined and in no case did these constitute a 
complete investigation of any of the six profiles so 
examined. As a consequence, the best one can do is 
assume that correlation with LOI provides a resembly 
good estimate of CEC. 
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4.3. 3 MINERALOGICAL PARAMETERS 
Only six sites were investigated within the study valley 
basin. Profiles 3, 6 and 9 formed a sequence downslope 
in the hollow zone, while profiles 10, 12 and 14 were 
located in the upper, middle and lower sections of an 
adjacent nose. In addition, a podzol and gley podzo1 
were examined from the track in catchment 9. In this 
section mineralogy of the silt fraction, and the nose 
and hollow sequences is described before all the samples 
are discussed collectively at the end of the section. 
(a) Mineralogy of the silt fraction 
The eight silt samples were not saturated with any particular 
cation, and were therefore X-ray examined only at room 
temperature. This restricted the amount of information 
that could be interpretated from the diffractograms, 
but was not too serious a disadvantage, as the silt 
fraction was investigated mainly to indicate the primary 
minerals present in the soil parent material. These. 
were shown to be chiefly quartz and feldspars. Smaller 
amounts of mica, mica-vermiculite, kaolinite and vermiculite 
or chlorite were also indicated, but positive identification 
could not be made. In all eight profiles quartz 
decreased with depth, while feldspar levels remained 
about the same in each horizon. 
Quartz/feldspar ratios (Table 11) as indicated by the 
intensity of the quartz (100) spacing divided by the 
plagioclase (002) spacing showed some interesting trends. 
In the hollow sequence, ratios are highest at profile 3 in 
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the eluvial position and decrease towards profile 9, 
indicating the latter is probably less weathered. 
Generally the ratios decrease with depth in the individual 
profiles, showing that the surface horizons are more 
weathered than the subsoils. However, throughout 
profiles 9 and 14 these ratios were similar at each depth 
suggesting each horizon is at a comparable stage of 
weathering. The highest quartz/feldspar ratios were 
recorded in the surface horizons of profile 10. This 
is not unexpected, since this profile is situated at 
an eluvial site in the nose zone. 
Ratios decrease with increasing distance down the nose 
repeating the trend observed in the hollow sequeDce. 
As no profiles were examined from the sideslope zone 
it is not possible to indicate whether quartz/feldspar 
ratios decrease within individual catenas. 
Because feldspar levels were similar throughout each profile 
the changes in quartz/feldspar ratios are essentially 
mirroring variations in the proportion of quartz observed 
in each horizon. The dominance of this mineral in the 
surface horizons is an indication of its greater 
comparable stability. The relatively constant feldspar 
levels suggest that gains from physical breakdown of 
larger sized particles are about equal to losses by 
chemical weathering to the clay fraction. 
129 
(b) Hollow Sequence 
Profiles 3, 6 and 9 form a geochemical catena in the 
hollow zone of the sampled valley basin. The clay 
mineralogical changes illustrated within these soils 
are thought to be representitative of the wider Mai Mai 
area, and are therefore considered first. 
Mineralogy varied both with depth in the individual 
profiles as well as laterally along the sequence. 
These changes are summarised in Table 12 and Figures 
33 and 34. 
The dominant clay mineral in the A horizon of profile 3, 
the uppermost sample in the hollow, was a mica-vermiculite-
smectite interstratification. This is characterised by 
a broad peak between 1.0 and 1.8nm on Mg2+ saturation 
, and glycerol solvation (Mg2+/glycerol) which collapses 
on K+ saturation and heating at 350°C (K+/3500 C) to 
a sharp peak at 1.0nm (Figure 33). Some structural 
order between the component 1.0, 1.4 and 1.8nm layer~ 
of the interstratification was indicated by a broad peak 
at 2.4-2.8nm on Mg2+jglycerol. 
In the B horizon, expansion on Mg2+jglycerol was limited 
to 1.4nm, with no evidence of any 1.8nm smectite layers. 
Vermiculite was the dominant mineral in the upper part 
of this horizon, and was observed to be altering toward 
a pedogenic-Al-chlorite at greater depth. A small shoulder 
on the high angle side of the 1.4nm vermiculite peak on 
Mg2+jglycerol indicated the presence of some intergrade 
1.0-1.4nm material in the upper B horizon. A small peak 
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at 1.Onm suggested this material may be mica, however, 
a slight tail was observed on the low angle side of the 
collapsed vermicalite peak on K+/3500C indicating the 
presence of some hydroxy-alumina (hydroxy-Al). 
This material precipitates between the 1.4nm vermiculite 
layers preventing complete collapse to a sharp 1.0nm peak 
on K+ saturation and heating, and indicates the beginning 
of the "chloritization" process' leading to a 2:1:1 
type layer s~licate. Since a sharp 1.Onm peak 
remains after heating it is safe to conclude that 
vermiculite is the prevailing clay mineral in the top of 
the subsoil but that there is also some 1.0-1.4nm 
intergrade material. 
At the base of the B horizon hydroxy-Al interlayers have 
accumulated to such an extent that the 2:1 layers cannot 
collapse to 1.0nm on K+ saturation and heating at 3500 C, 
rather they collapse partially to a broad 1.209nm band 
which collapses to a broad 1.111nm band on subsequent 
heating at 5500C. No 1.4nm layers survived heating 
indicating that this material is neither vermiculite nor 
chlorite, but is most likely a vermiculite-pedogenic 
chlorite intergrade in the process of altering from 
vermiculite to pedogenic chlorite. A trace of mica and 
a small shoulder on the 1.4nm peak on Mg2+ saturation and 
glycerol solvation showed that 1.O-1.4nm interlayed 
material was also present in the lower B horizon. With 
the increased accumulation of hydroxy-Al this material was 
likely to be a mica-vermiculite-pedogenic chlorite 
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interstratification. 
The clay mineralogical changes so far discussed appear to 
be related to soil pH values. The 1.0-1.4-1.8nm layer 
interstratification was only found in the surface horizons 
where pH < 4.5, \"hereas pedogen; c chlorite type mater; a 1 
only became important where pH values approached or were 
greater than 4.5. 
Mica was observed as a minor to trace component in all 
the horizons in profile 3, appearing to decrease with 
profile depth. Kaolinite was recorded as a major component 
throughout the profile and although weighted peak-area 
percentages were not determined, the amount of kaolinite 
appeared to vary 1 ittl e, either \'Jithi n or bebJeen profil es 
throughout the study area. Quartz and possibly gibbsite 
were recorded on all four diffractograms for profile 3. 
The (100) gibbsite spacing at 0.485nm can be confused 
with a high order mica peak when analysed by XRO. 
Although it vJas not possible to positively identify 
gibbsite, without checking by OTA or l.R. spectroscopy, 
this could not be attempted because of time constraints. 
The clay mineralogical trends observed for profile 6, 
in the middle section of the hollow zone, were essentially 
similar to those discussed for profile 3. There are 
however, some differences worth noting. Firstly, the 
mica-vermiculite-smectite intergrade in the A horizon 
seems to be predominantly mica-vermiculite (Figure 34), 
with a higher proportion of mica than in profile 3 as 
shO\m by a broad peak at 1.0nm on Mg2+ saturation and 
glycerol solvation. In addition, the interstratification 
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is less well ordered than the one observed in a comparable 
position upslope in profile 3. In the subsoil no sharp 
1.0nm peak was observed after K+ saturation and heating 
for any part of the B horizon. Broader less intense 
peaks at K+/350oC and K+/5500 C which are increasingly 
resistant to collapse indicated a greater accumulation 
of hydroxy-A1 inter1ayers throughout all this horizon 
relative to profile 3, e.g. the vermiculite-pedogenic 
chlorite intergrade material collapses to 11.1nm at 
K+/5500C in the deepest part of profile 3 but only to 
11.3-11.4nm for an equivalent position in profile 6. 
As with profile 3, gibbsite may also be present. Although 
the evidence is not conclusive, the peak area in the 
O.485nm region of the diffractogram was reduced between 
Mg2+/glycero1 and K+/350oC treatments which does suggest 
the destruction of gibbite. 
Clay mineralogical changes in profile 6 showed a similar 
relationship to soil pH values, the 1.0-1.4-1.8nm 
intergrade only occurring in the top two samples where pH 
values were 4.1 and 4.0, while hydroxy-Al interlayers 
did not occur until pH values had risen to about 4.5 
or above, as occurred in the deepest horizons sampled. 
In profile 9, in the bottom of the hollow, clay mintera10gy 
was noticeably different (Figure 34), probably because the 
soil pH values of the four depth increment samples was 
always above 4.5, e.g. pH range 5.1-5.5. As a consequence, 
no smectite type mater; a 1 \.vas observed in the surface 
horizons of this profile. In addition to the O.72nm 
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kaolinite peak, four other well defined peaks were 
recorded in the low angle region of the diffractogram. 
These were repeated in each of the four samples investigated. 
A small 1.0nm mica peak became more pronounced with depth, 
although it was never more than a minor component. 
Vermiculite-pedogenic chlorite intergrade material was 
found throughout profile 9, though there was still no 
evidence of a 1.4nm peak remaining after heating at 
350oC. In contrast to profiles 3 and 6, interstratified 
1.0-1.4nm layered material was represented by a distinct 
peak that was relatively larger for all samples than the 
1.42nm vermiculite-pedogenic chlorite peak. Some 
order was indicated between the component layers of this 
mica-vermiculite-pedogenic chlorite intergrade material 
by a broad peak at 2.4nm on Mg2+ saturation and glycerol 
solvation. Accumulation of hydroxy-Al interlayer material 
was relatively uniform throughout profil~ 9, although the 
deepest sample showed a slightly greater resistance to 
collapse on heating than the sample from the surface 
horizon, e.g. 1.07nm for the surface, compared to 1.0Bnm 
at the base of the profile. Although this difference is 
small, it may indicate a slightly greater build-up of 
hydroxy-Al material with depth, as soil pH values 
continued to rise. In each horizon, a sharp peak was 
observed at O.485nm which was considerably reduced after 
heating at 350oC. This could well be an indication of 
gibbsite destruction, despite interference from a strong 
second order mica peak. As in prof{les 3 and 6, kaolinite 
was also present as a major component throughout the profile. 
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Similarly, quartz was also observed, and, on the basis of 
the (101) reflection at 0.334 nm was found to be of lower 
intensity, compared to profiles 3 and 6, where quartz 
content was higher overall and also decreased with depth. 
Occurrence of a third order mica peak in this region may 
have interferred with the 0.334nm quartz peak, so such 
trends cannot be stated conclusively. 
(c) Nose sequence 
Profiles 10, 12 and 14 form a sequence down the nose zone 
adjacent to the hollow catena just discussed. Clay 
mineralogical chang~s within these profiles are essentially 
similar to those discuss~d for profiles 3 and 6, but no 
striking lateral clay mineralogical trends were observed 
within the sequence. 
Apart from kaolinite, the low angle part of the profile 
10 A horizon diffractogram is characterised by a mica-
vermiculite-smectite interstratification identified by 
a broad peak in the l.0-1.8nm region, which is centred 
at 1.41nm on Mg2+ saturation and glycerol solvation. 
Mica is more obvious than previously, being identified 
as a broad peak at the high angle end of this interstratified 
material (Figure 35) indicating that there is still a good 
deal of this primary mineral eXisting as discrete l.Onm 
mica layers. On heating at 3500C all the 2:1-type 
material collapses to a sharp high intensity peak at 1.03nm. 
The top of the B horizon in profile 10 is dominated by 
vermiculite, but a small tail on the high angle side of 
the 1.424nm peak on Mg2+ saturation and glycerol solvation 
is evidence of some 1.O-lAnm interstratification. 
The presence of a small mica peak at 1.02nm suggests 
this poorly ordered intergrade is mica-vermiculite. 
However, on heating at 3500C, a small tail remained on 
the low angle side of the sharp 1.02nm peak, which 
eventually disappeared after heating at 550°C. It 
would therefore seem that there is a small amount of 
hydroxy-Al material present between the vermiculite 
layers. Soil pH value for this horizon was 4.2, and 
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it ;s therefore likely that the small amount of pedogenic 
chlorite material that remains will soon be destroyed. 
This will be dwelt with more fully in the discussion 
I 
following this section. 
As the pH value approaches and becomes greater than 4~5 
in the middle and lower B horizon, hydroxy-Al material 
accumulates and clay mineralogy changes from vermiculite 
to a vermiculite-pedogenic chlorite intergrade, identified 
after heating by broad peaks of partially collapsed 
material. Some poorly ordered 1.0-1.4nm intergrade 
material was also observed in these horizons. As shown 
in Figure 27 the B horizon of profile 10 as well as profiles 
12 and 14 displayed the maximum accumulation of oxalate-
extractable Al. This is consistent with maximum 
development of interlayer materials. 
Profiles 12 and 14 showed ~imilar clay mineralogical 
trends as just discussed for profile 10 (Figures 35 and 36). 
It is perhaps worthwhile, though, to note some of the 
differences. Two A horizon samples (pH 4.0 and 4.1 
respectively) were investigated from profile 12. As 
usual a mica-vermiculite-smectite interstratification 
was observed in each; however, in the top sample mica 
was again distinguished as a broad peak at 1.0nm 
while vermiculite prevailed in the lower sample. 
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Tails on both the high and low angles sides of this 
1.44nm vermiculite peak on Mg2+ saturation and glycerol 
solvation are evidence of some mica-vermiculite-smectite 
interstratification. Discrete mica layers were still 
readily distinguished in the lower A horizon, but the 
2.4-2.8nm peak is smaller. 
Vermiculite dominated the top of the B horizon in profile 
I 
12, but was different to profil~ 10 in that it was 
expanding rapidly towards pedogenic chlorite with depth, 
for a small 1.44nm peak remained after heating the lower 
B horizon ' sample at K+/350oC lFigure 35). This horizon, 
therefore had the greatest accumulation of hydroxy-Al 
interlayer material of any so far discussed, and consequently 
for the first time pedogenic chlorite layers dominate the 
vermiculite-pedogenic chlorite intergrade. Mica decreased 
with depth in profile 12 to the point where bearly a trace 
was recorded on the diffractogram in the lower B horizon. 
As a result, there was very little 1.0-1.4nm intergrade 
in the B horizon of this profile. Soil pH values were 
4.6 and 4.8 respectively for the upper and lower B horizon 
samples. 
In the upper B horizon of profile 14 the 2:1 type clay 
minerals present collapsed on heating at K+/3500C to a 
peak at 1.03nm which was not as sharp or as intense as usual. 
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When considered in the light of a small 2.41nm peak on 
Mg2+ saturation and glycerol soluation this indicates 
that the mica, vermiculite, and mica-vermiculite 
integrade material is less well ordered in this horizon. 
The mineralogy of the middle and lower B horizon samples 
from this profile tended to be like that recorded in 
profile 9, with a sharp vermiculite-pedogenic chlorite 
integrade peak at 1.42nm, and a peak, as opposed to a 
shoulder, indicating the presence of 1.0-1.4nm interlayered 
mica-vermiculite-pedogen;c chlorite intergrade material. 
No 1.4nm peak resisted heat treatments, but after heating 
the small low intensity peaks recorded on the diffractogram 
suggested that clay minerals deeper in the B horizon were 
more poorly ordered, or perhaps that some of the 
stl'uctures had been des troyed by sample prepara ti on. 
Harward and Theisen (1962); Harward, Theisen and Evans 
(1962) and Dudas and Harward (1971) have shown that 
sample preparation can influence both the identification 
and quantification of clay minerals in soils. 
Gley podzol and podzol samples collected earlier in the 
study from the track in catchment 9 were also subjected 
to analysis by X-ray. The trends observed in the former 
sample were similar to those discussed for profile 3, but 
the podzol showed broad 1.4 and 1.8nm peaks in the surface 
horizons on Mg2+/glycerol. While the 1.8nm peak was 
not of high intensity (Figure 36), it did show that near 
living trees and decaying stumps more 1.8nm layers have 
accumulated than observed in the study valley basin, 
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where sites were deliberately chosen so they were away 
from such influences. A broad peak at O.942nm suggested 
that some discrete smectite layers were present in this 
material, while a peak at 2.8nm was indivative of mica-
smectite interstratification. In view of the broad peak 
at 1.4nm, it is probably more accurate to call this 
material a mica-vermiculite-smectite interstratification 
in which there has been more expansion than observed in 
the 1.O-1.4-1.8nm interstratifications discussed earlier. 
In the B horizon this material was replaced firstly by 
vermiculite and at greater depth by vermiculite-pedogenic 
chlorite intergrade material: 
(d) Discussion 
Jackson (1964) is prominent among several workers who have 
proposed that secondary clay minerals weather from primary 
layer silicates as follows: 
Mica ) vermiculite --7 montmonllonite ~ pedogenic 2:1-2:2 
(Biotite, ~ 
muscovite, illite) ~ /\ / (1. 8nm) Al intergrade 1 
10 chlorite ---t pedogenic 2:1-2:2~metahalloysite -1 gibbsite 
(ferromagnesium) (1.4nm)Al chlorite Kaolinite 
In addition to miceous layer silicates other primary 
minerals were also observed to be present in the soil parent 
material of the study area, notably feldspar and quartz 
species as recorded in the silt fractions. 
In the clay mineralogical results presented in the last 
section it was evident that vermiculite and mica-vermiculite-
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smectite interstratified material are the dominant 2:1 
type· cl ays in the surface hor; zons vJhere soil ph values 
are less than 4.5. Pedogenic chlorite type material 
only became important \'/here pH> 4.5, and usually increased 
towards the base of the profile. Consideration of the 
weathering sequence outlined above and the fact that 
weathering intensity decreases with depth, would lead one 
to expect the greatest abundance of pedogenic chlorite 
type material in the surface horizons. This was pointed 
out by Rich (1968) and seems reasonable, since miceous 
material would be expected to be most altered near the 
surface. The fact that 2:1 type clays and kaolinite 
dominated instead, leads to one of three hypotheses. 
Firstly, that pedogenic chlorite never formed at the 
surface; secondly, pedogenic chlorite did form but was 
destroyed as soil development proceded, and lastly, the 
weathering sequence is wrong. 
Before discussing these hypotheses a brief examination of 
some relevant studies would be profitable. Campbell 
(1974) has reported similar findings for old soils formed 
close to red beech trees on a glacial outwash terrace, 
just north of Reef ton. In this similar climatic 
envi ronment, Campbe 11 found smecti te type ma teri a 1 s were 
present in the surface hor,i zons where soil pH ~ 4.5. 
With increasing distance from trees and stumps, pH rose 
and smectite material was replaced by vermiculite. 
Similarly, with increasing depth in the profile, clay 
mineralogy changed first to vermiculite and then to 
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pedogenic chlorite. In the current study it would appear 
that the stage has not been reached where the surface 
horizons are dominated by 1.8nm layered material, or that 
subsoil clays have yet weathered to discrete pedogenic 
chlorite. This could be the result of sampling away 
from the trees. However, XRD data recorded in the Podzol 
profiles showed that even close to the trees, clay 
mineralogy was not very far removed from that observed 
in the other seven profiles. It is therefore likely 
that lateral translocation of material downslope is 
rejunevating the soils and therefore preventing the system 
from developing to the stage ob~erved by Campbell. 
This seems reasonable, since lateral rejunevation 
would be expected to be less on a terrace than a steep 
hillslope. Another possible explanation why weathering 
of clay minerals is not so advanced, as for instance in the 
Ahaura soils of the Reef ton chrono-sequence, could be 
that the present Blackball hill soils in the Mai Mai ,region 
are not as old as the underlying parent material because 
erosion phenomena have initiated a new cycle of weathering 
on fresh parent material. As a consequence, the 
duration of soil development has been restricted. 
This would also explain why levels of total P and oxalate-
extractable A1203' Fe203 and Si02 are not as low as 
expected for a ~oil that has been developing in the high 
rainfall Mai Mai environment since the Old Man Gravel 
Formation was laid down in the late Pliocene-early 
Pleistocene. 
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Malcolm et al (1969), Gjems (1970), Kapoor (1973) and 
others had all earlier reported the destruction of 
pedogenic 2:1-2:2 aluminium intergrade material and 
formation of smectite. In each case pH < 4.5 and high 
organic matter levels appeared to be critical for the 
destruction of pedogenic chlorite material, a conclusion 
that was confirmed by Campbell (1975) and which holds 
true in the present study as well. 
With respect to the three possible hypotheses suggested 
earlier, it seems most likely that pedogenic 2:1-2:2 
Al intergrade type material initially formed in the 
surface horizons, but the later onset of unfavourable 
conditions associated with beech and podocarp trees has 
since led to its destruction. This is certainly 
supported by the diffractogram for profile 9 where pH 
is greater than 4.5 throughout the profile and pedogenic 
chlorite type material is still present in the topsoil. 
Organic matter levels were also relatively lower in ~his 
profile. If in time however, soil pH at this site drops 
below the critical level of 4.5, then the 2:1-2:2 intergrade 
material should revert back to vermiculite and then alter 
further to smectite. Until this occurs, interlayered 
pedogenic-Al-chlorite will continue to accumulate as the 
stable weathering product throughout profile 9 and all 
other horizons where pH ~ 4.5. It is worth pointing 
out that the first hypothesis that intergrade material 
did not form at the surface, is disproved in profile 9. 
Similarly, small amounts of intergrade were also observed 
in horizons dominated by vermiculite, but with soil 
pH values<4.5. This suggests that the intergrade 
formed earlier but pH has not been below 4.5 long 
enough for all the pedogenic chlorite to be converted 
back to vermicu1 ite. ~Jhere pH~ 4. 5 smectite becomes 
the stable weathering product. In the present study 
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clay minerals in the surface horizons are in the process 
of altering to this product. These changes are 
consistent with the clay mineral weathering diagram of 
Young et al (1977l This paper is presented in appendix 6. 
Mica 
vermiculite ~ ~ 1 ~ ~ smectite 
~ pedogeni~ chlorite ~ 
Differences between this diagram and that illustrated 
earlier derived from Jackson (1964) are that pedogenic 
chlorite can alter directly from mica and that the step 
between vermiculite and smectite is reversible. 
Jackson's diagram is also confusing in that he mixes 
group (mica) and species (montmorillorite) names. 
Montmorillorite should be replaced by the group name, 
smectite, because it is more likely that beidellite, not 
montmoril'orite would be formed from a miceous parent 
material providing of course that the original layers 
survived weathering intact. Jackson's diagram als~ 
suggests that kaolinite forms directly from pedogenic 
chlorite, a hypothesis which as yet has not been verified. 
Rather, this transformation appears to result from a 
solution phase. So it would appear that the third 
conclusion suggested earlier, that the weathering sequence 
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is wrong is also valid. 
If pedogenic chlorite-type material did originally form 
at the surface, there needs to be some explanation to 
account for the change back to 2:1 type clays. 
This can be provided quite readily by investigation of 
the physio-chemical influences controlling ion mobility. 
Within the normal soil pH range aluminium ;s usually 
insoluble, and hence when it is released by weathering 
it does not ~ove very far before it is immobilised. 
Jackson (1963) has shown that as long as there are expansible 
layer silicates in the weathering mantle, Al released 
tends to be deposited as interlayers. rather than 
discrete gibbsite. Consequently as 2:1 type clay 
minerals weather hydroxy-Al polymeric material 
precipitates between the component layers of these 
minerals, particularly those that expand, such as 
vermiculite and smectites. As a result a 2:1-2:1:1 
Al intergrade material forms. Should pH drop below .4.5, 
as it does under the influence of organisms and climate 
in the Mai Mai area~aluminium becomes soluble and the 
precipitates formed in the interlayer spaces are 
solubilized, with the result that the mineral reverts 
back to .an expansible 2:1 type layer silicate. 
Consequently ion movement and the leaching force operating 
in the soil will largely determine what clay mineral 
forms and where it will form, e.g. in most of the study 
subsoils pH ~4.5, and as a result Al and Fe tend to 
accumulate relative to Sit therefore the stable weathering 
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product of layer silicate weathering will be a mineral 
such as pedogenic-chlorite, which can accommodate higher 
levels of Al and Fe relative to Si. 
Malcolm et al (1969) suggested that pH and organic 
matter are 'probably of equal importance in controlling 
movement of Al and Fe. The intermediates of organic 
matter decomposition are not only the most common source 
of soil acidity and therefore few low pH environments 
are likely to be created in soils without their dominant 
influence, but in addition, organic matter is believed 
to facilitate the removal of Al-interlayers in several 
other important ways. Organic matter decomposition 
products form water-soluble complexes with Al, Fe and 
other metals, consequently these ions can be removed 
by chelation and, since they are soluble, they are 
transported away in the leaching waters. Continuous 
removal favours the production of more Al ions from the 
interlayer precipitate at a maximum rate, and so enhances 
the destruction of pedogenic chlorite material. 
Kodama and Schnitzer (1973) showed that two chlorite 
minerals were decomposed in aqueous fluvic acid solutions 
at pH 2.5. It could therefore be argued, as Campbell 
(1975) has, that pedogenic chlorit(, should be largely 
dissolved in the low pH environment of surface soils 
horizons where organic matter levels are also high. 
Consequently, the weathering sequence of clay minerals 
does not proceed in one direction only, but under certain 
, 
conditions, such as outlined above, it is reversible 
as shown earlier in the diagram of Young et al (1977). 
The clay mineralogical changes observed in this study 
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are also consistent with current views of podzolisation, 
where Al and Fe are removed from the eluvial horizon 
by chelation and subsequently immobilised in the B 
horizon (McKeague, 1965; McKeague and Day, 1969). 
Campbell (1974) among others has suggested that soils 
weather towards opposing end products over the time spans 
involved in pedogenesis. He reported that the stable 
weathering products formed from mica,chlorite and 
feldspar of the parent material in the Reef ton chronosequence 
were pedogenic chlorite, kaolinite, allophane and 
gibbsite; products that can accommodate a high level of 
Al relative to Si. Hence, where pH ~4.5, Campbell 
reported that soils were moving, albeit slowly, in the 
direction of a lateritic end product. This trend was 
observed to continue until a combination of low pH a~d 
high organic matter levels associated with red beech 
trees initiated a second cycle of weathering. In this 
new soil environment, Al and Fe were readily lost from 
the upper horizons resulting in the disappearance of 
allophane, gibbsite and ferromagnesium chlorites and the 
dealumination of pedogenic chlorite. Consequently, 
the direction of weathering had now changed, and the 
soils were altering towards a podzol end product. 
Campbell concluded that younger soils within the Reef tor 
chronosequence represented dynamic systems in which 
alternative weathering cycles could replace each other as 
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the growth, death and eventual disappearance of 
individual red beech trees caused localised fluctuations 
in pH and in the supply of water-soluble organic 
complexing reagents. 
These same cycles of weathering seem to be operating in 
the Mai Mai area and undoubtedly they are also 
dynamic systems. Initially all the soils studied would 
be weathering towards a lateritic end product, but low 
pH and high organic levels have now introduced the podzol 
cycle in many of the soils. Subsoils on the noses 
and sideslopes are still heading in a lateritic direction 
but an examination of soil pH values (~5.0) shows that 
pedogenesis has almost reached the stage where Al and 
, 
Fe will possibly soon be:mobilised in these horizons 
as well. Only in the hollow zone, where soi I pH is 
still above 4.5, probably as a result of the lower levels 
of organic matter, is the soil system not heading towards 
a podzol and this only in the lowest profile sampled . 
in this zone. However, ~s only six profiles were 
analysed in the study valley basin there could well be 
other unsampled Soils moving in a lateritic direction. 
In the hollow the direction of weathering changes 
downslope from a podzolic to a lateritic end product. 
The increase in pH and clay mineralogy changes observed 
indicate a decrease in overall weathering status between 
profiles 3 and 9, as might be expected at the illuvial 
end of a catena. Such a change in weathering status 
with slope position is reinforced by the finding.of 
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discrete pedogenic chlorite layers in the subsoil of 
profile 12. At this eluvial nose site, the lateritic 
weathering sequence has progressed further than in either 
the transluvia1 and illuvia1 zones, before being 
overtaken by the later podzol cycle. There would 
therefore seem to be a trend of, decreasing weathering 
intensity with slope beb/een nose and hollow, as well 
as from the top to bottom of the hollow. 
The fact tna~ extensive hydroxy-Al interlayers were found in 
only the B horizon of profile 12 in the study valley 
basin could be evidence that the Blackball hill soils 
of the present landsurface may not be as strongly 
weathered as expected considering the age dnd state 
of weathering of the parent m~teria1s. While it is 
true that lateral translocation is limiting weathering 
advancement to some extent, in eluvial positions such as 
in the nose zone, one might expect this effect to be 
minimal, and in horizons where pH is still above 4.5 
such as the B horizon of profile 12, to find the 
greatest accumulations of peaogenic chlorite. In 
combination with results for total P and Tamms oxa1ate-
extractable A1 203 and Fe203 the clay mineralogy also 
seems to suggest that the present day soils of the sample 
area are possibly less weathered than expected when 
compared with younger soils such as Ahaura soils. 
As a consequence, it seems likely that the Mai Mai landscape 
has been subjected to erosive forces which have added 
fresh material during the course of soil development. 
Alternatively the steepness of the terrain and the 
freely drained nature of the soils may be combining 
to remove water from the soil system before there has 
been much opportunity for chemical reactions to occur. 
As a result, the advancement of the weathering process 
, 
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may have been restricted because moisture is not retained 
in the solum. 
Allophane could not be detected by XRD, but the greasy 
texture of many of the B horizons sampled throughout the 
study area, and the higher oxalate-extractable Al and Fe 
values recorded in some samples suggest it may be present. 
The weathering of feldspar minerals has not been dwelt 
with so far, but the presence of kaolinite as a major 
component within all the horizons investigated suggest it 
if forming from the rapid hydrolysis of feldspar minerals. 
It is unlikely that kaolinite has formed directly from 
alteration of pedogenic chlorite, since in most of the 
profiles, the overall weathering has only advanced to 
the stage of a vermiculite-pedogenic chlorite intergrade. 
Except for the podzol sample, feldspars were not observed 
in the clay fraction, whereas they were recorded in the 
silt fraction. This, and the relatively constant levels 
of kaolinite in each horizon of each profile, suggest 
that feldspars are rapidly hydrolysed to kaolinite once 
they enter the clay size range. 
In many of the profiles investigated, mica decreased with 
depth to the base of the B horizon. This probably results 
from either a decrease in weathering with profile depth or 
a size reduction of the miceous silt material. Mica was 
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not recorded in high quantities in the silt fraction, 
suggesting that it is at least possible that much of 
this silt sized primary mineral has been physically 
decreased in size. In the hollow sequence the 
proportion of mica recorded on the diffractogram was 
shown to increase between profiles 3 and 9. This again 
demonstrates that there is a trend of decreasing 
weathering intensity down the sequence. 
CHAPTER V SOIL FERTILITY 
In this chapter soil-vegetation relationships are 
discussed, followed by a review of nutrient cycling in 
a forest ecosystem with particular emphasis on the 
contributions of litter and litter fall. 
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5.1 SOIL-VEGETATION RELATIONSHIPS 
Although the ecology and distribution of many New Zealand 
native species are now well document~d, there is still 
comparatively little information on the extent to which 
native species distribution is related to soil pattern. 
(a) Soil-vegetation relationships in alpine grasslands 
The zonation of vegetation in terms of altitude limits 
(P. Wardle, 1964) reflects the commonly accepted 
distribution of species based on environmental factors. 
l 
While climate and topo~raphy do appear to be important 
in terms of regional differences, they do not adequately 
account for species changes within limited areas. 
Archer (1973) studied plant succession in the Ben Ohau 
Range near Mt Cook National Park, and found that soils 
formed on the high level glacial morraines of the region 
were arranged into a hydromorphic sequence, from recent 
well drained skeletal soils through to older poorly drained 
gleyed soils. Within this sequence, he observed 
vegetational changes starting with bryophytes at the 
pioneer stage and ending with snow tussock in the older 
soils. He also found that chemical status, as recorded 
by P fractionation, changed with age. Therefore, within a 
similar environment, species could be separated on the basis 
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of soil factors. 
Williams (1975a,b) and Williams et a1 (1976) have made 
similar observations. In the high rainfall environment 
of the Southern Tararua Ranges, Chionochloapal1ens and 
Chionochloa flavescens are the dominant tussock species. 
C. Pall ens is found at higher altitudes than C. flavescens 
prompting the conclusion that species distribution is 
controlled by environmental factors. However, Williams 
(1975a,b) found that under similar climatic conditions, 
these species could be separated by a consideration of 
soil properties. C.pa11ens was found to be dominant 
on the younger, less weathered, better drained sites, 
While C. flavescens dominated on the older, more weathered, 
poorly drained soils. As a consequence, C. pallens 
is dominant at higher altitude, not so much because 
temperatures were lower, but because there were a greater 
proportion of young soils in the higher slope positions. 
Williams et al (1976) observed the same trends among tall 
tussocks in the Murchison mountains in Fiordland. 
C. pall ens dominated the youthful, unstable sites where 
inorganic P values were high, but with increasing slope 
stability and lower inorganic and total P values, 
C. crassiuscula became the dominant tussock. From studies 
such as these, it is therefore possible to conclude that 
soil pattern exercises an important influence on native 
species distribution. However, because very little work 
has been done in this field, it is safest to suggest that 
soil factors are probably one of several factors influencing 
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native species distribution. At present they appear to 
be important at the local wicroscale level, whereas 
environmental factors seem to exert a greater influence 
at the regional macroscale level. 
(b) Soil-vegetation relationships in forests 
Literature pertaining to this field is scarcer than for 
alpine grasslands. The little information that is 
available on native species is based largely on ecological 
studies. A~ a result, soil-forest relationships are 
only vaguely reported (Chavasse 1962; P Wardel, 1966, 
1967, 1969, 1971; P Wardle, Field and Spain~ 1971; 
Franklin, 1968; J Wardle, 1970 and MacMillan, 1972). 
A paper published by Adams (1976) partially rectifies 
this situation. Adams analysed the foliage of four 
New Zealand beech species at eight sites in North Westland 
in an endeavour to compare nutrient requirements of the 
species. He found that red and silver beech occupied 
sites of higher relative fertility, whereas hard and . 
mountain beech were found on less fertile sites. On the 
basis of differences in element concentrations within 
these two groups, Adams suggested a broad pattern of species 
distribution in terms of decreasing soil fertility as follows: 
red > silver> hard > mountain beech 
Adams also observed a close similarity in the nutrient 
levels within the foliage of samples from North Westland, 
with those reported earlier by ~1iller (1963) for hard beech 
near Wellington. Interestingly, both study areas lie 
within the warm temperate altitudinal vegetational zone 
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(p Wardle, 1964), and on similar soil types e.g. six of 
Adams sites were southern YBE's and Millers single site 
was a central YBE. Heine (1973) had earlier studied red, 
silver and mountain beech species in the subalpine 
altitudinal zone at Lewis Pass. Adams reported poor 
agreement in foliar nutrient levels between his and 
Heine's studies, but a similar overall trend was evident 
i.e. red> silver> mountain beech. It is therefore 
possible to tentatively suggest that soil pattern also 
influences native forest distribution. This is in 
opposition to some studies which ,suggest that forests 
influence the soil pattern. While this is also true, 
as Campbell (1975) has shown for soils close to red beech 
trees, often the areas affected are small in relation to 
the landscape unit as a wh61e. In addition it is more 
likely that a combination of environmental and soil 
factors governed the forest species growing initially at 
I 
the site, and then at a later date, vegetation altered and 
perhaps degraded the site sufficiently for it to be 
replaced by a species better adapted to the degraded soil. 
It caul d we 11 be that as the quality and depth of i nves ti gati on 
increases, the soil factor may be shown to playa more 
important role in forest species distribution than has been 
recorded until now. A hint of this is suggested by 
Hew et al (1975) vlho report several types of forest cover 
on the different soils of the Inangahua Depression. 
In the hill country red and hard beech both occur on 
• 
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Inangahua hill soils, whereas only hard beech is recorded 
for the Blackball hill soils. This reflects a parent 
material difference, in that the muddy sandstone underlying 
the Inangahua hill soils is a parent material of rather 
higher nutrient content than the strongly pre-weathered 
conglomerate of the Blackball hill soils. This shows -that 
within a similar climatic region, different forest types 
are found distributed on different soil types. On the 
younger more fertile terrace soils, both red and silver 
beech were recorded. It would therefore seem reasonable 
to assume that a soil factor, be it drainage, soil 
fertility or a combination of both, has influenced 
beech species distribution in this area where climatic 
differences could be expected to be minimal. 
5.2 NUTRIENT CYCLING 
An understanding of the cycling of nutrients in a forest 
ecosystem is essential if the long-term productivity of 
I 
forests is to be improved, or at least preserved. The 
amount, composition and breakdown of litter are important 
in this regard, since litter is a major ' contributor to 
the forest nutrient cycle. 
External sources of nutrien~in the natural forest ecosystem 
are precipitation, dust and weathering. These are 
balanced against losses resulting from leaching, erosion 
runoff, fixation in unavailable soil forms and gaseous 
losses to the atmosphere. The circulation of nutrients 
in a forest ecosystem has been described as consisting of 
polycycles of both short and long-term nature (Ovington, 
1965), while Bormann and Likens (1967, 1970) have proposed 
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a compartmental model to explain nutrient flow between 
ecosystem components. The supply of nutrients from 
litter decomposition is dependent, among other factors, 
on litter production. This in turn is known to depend 
on climatic factors and site quality (Bray and Gorham, 
1964, Spain, 1973), which both influence the species growing at 
any site; for example, Daniels (1975) recorded that the 
annual litter production for a lowland podocarp-rata-broadleaf 
forest near Wellington was 6856kg/ha/yr. This is higher 
than values of 6000kg/ha/yr recorded by Miller (1963) 
for hard beech (Nothofagus truncata) in a similar 
environment. Bagnall (1972) and J Wardle (1970) have 
reported still lower values for black beech (Nothofagus 
solandri var solandri) and mountain beech (Nothofagus 
solandri var cliffortioides) respectively, which occupy 
relatively harsher sites. 
Litter decomposition can be grouped into two stages, 
(Attiwell, 1968) firstly, fall of litter, which represents 
a movement primarily within the biomass, and secondly, 
release of nutrients, which represents a nutrient transfer 
within the ecosystem. Litter fall obviously belongs to 
the first group. Nutrient release after litter fall 
depends largely on the composition of litter fall. 
Foliage has been shown to be more important in this regard, 
than other tissue components, such as twigs and branches. 
(Hund, 1971; Gosz et al, 1972; Daniel, 1975, Miller et al, 
1976 and Turner and Singer, 1976). 
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Because of differences resulting from site, season, 
species and tissue types and the vertical structure of 
vegetation within the forest, litter fall can be extremely 
variable. It follows that nutrient release will also be 
highly variable, yet despite large fluctuations in the 
rates of nutrient flow, Gosz et al (1972) have shown 
that only relatively small quantities of nutrients are 
lost from the natural ecosystem. This illustrates the 
remarkable buffering and absorption capacity inherent in 
native forest ecosystems. 
The nutrient content of litter fall has been investigated 
by several workers. Gosz et al (1972) reported that, of 
a total litter fall of 5,702 k g/ha/yr from a mixed 
hardwood-conifer forest at Hubbard Brook, New Hampshire, 
140.4kg/ha/yr was in the form of ' the following elements 
for which the relative abundance in litter was: 
N"> ca > K > Mn > Mg > S"> P > Zl'l) Fe > N9- > CU 
Group I Group II Group III 
Group I accounted fo~ 80.6% of the total, while the 
elements in Group III represented only 0.8%. Miller 
(1963) has reported similar findings for the litter of a 
hard beech forest near \~ellington: 146kg/ha/yr in a total 
litter fall of 6000kg/ha/yr~ Of this total, Miller 
reported that almost half was Ca and one-quarter N. 
He also observe9 that although considerable quantities of 
nutrients were cycled through the trees each year, only 
about 10% were imlTlobilised in the heartwood. In addition, 
Miller estimated that at anyone time the mineral soil 
was supplying only about 10% of the annual nutrient 
demand. Observations such as these illustrate the 
tremendous importance of the nutrient cycle; and in 
particular the litter contribution, in supplying the 
nutrient demands of the growing vegetation. 
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Further evidence to this effect was reported by Will (1968), 
who estimated that 85% of all nutrients incorporated within 
the trees during the life of a crop of .radiata pinus are 
returned to the soil. He also predicted that there were 
large quantities of nutrients locked up in the soil in 
temporarily unavailable forms in soil organic matter. 
Litter takes some time to fully decompose. Miller (1963) 
reported that the Land F layers of the organic horizon 
contained approximately the weight of one years leaf fall 
and four years twig fall. This suggested that hard beech 
leaves take longer than one year to decompose, while 
twigs take more than four years. These conclusions were 
only tentative, becaus·e hard beech leaves were observed to 
I 
remain in the litter for anything from one to four years. 
A difference in decomposition such as just mentioned, 
probably occurs because there are many factors influencing 
the rate of decomposition. Gosz et al (1972) report that 
nutrient release is a complex process influenced by 
seasonal heterotroph activity, heterotroph nutrient demand, 
environmental conditions regulating heterotroph activity, 
species tissue palatability, tissue composition of litter, 
nutrient content of litter, nutrient mobility and nutrient 
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input (leaf wash, litter fall). Gosz et al found that 
the initiation of nutrient release was largely influenced 
by the concentration of nutrients in the litter tissues, 
there appearing to be critical C/element ratios for 
several elements. 
The most important elements in ecosystems are often present 
in the least concentrations and these can be considered 
limiting in the sense that they must be recycled quickly 
for the existing system to maintain an equilibrium state 
(Pomeroy, 1970). Phosphorus appears to fill this role 
(Walker, 1965). In agriculture C/P is often about 
100:1, but in forests the upper limit is quite variable, 
with values of 360:1 and 480:1 having been reported by 
Gosz, Likens and Bormanns (1973). As a consequence, 
it would seem logical to expect a slower release of 
nutrients on infertile sites (Lamb, 1975) . . Soil pH 
has been shown to be important in this regard, e.g. 
Bocock (1974) reported that litter decomposition was slower 
for a moder type h~mus than a mull type. Aera ti on is 
also important. Adams (1974) found a higher proportion 
of poor trees growing on gley soils without a peaty 
surface horizon, than where this horizon was present. 
Species and tissue palatability also influences rate of 
decomposition. Singh (1969) reported that species 
with a high content of lignin decompose more slowly than 
species with a lower lignin percentage. Similarly soft 
textured "shade" leaves are more susceptable to decomposition 
than hard textured "sun" leaves (Heath and Arnold, 1966). 
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In New Zealand, Miller (1963) reported both litterfall 
and decomposition rates under hard beech were high in 
the Spring/Summer period when nutrient demands were also 
greatest. As a consequence, Miller suggested that 
maximum decomposition is geared to the period when the 
vegetation is growing most rapidly and the nutrient released 
will be used rather than lost. 
Nutrient demand however, is not constant and alters with 
stage of maturity of the crop; for example, \~i1l (1968) 
and Forrest and OVington (1970) have both shown that 
nutrient demand is very high in the early years of 
Pinus radiata gro\llth when tree crowns are expanding 
rapidly. Rate of 1 itterfa 11 parall el s these changes but 
there is a time lag of two to three years (Forrest and 
Ovington, 1970) before peak rates of litter breakdown 
occur. Nutrient demand is very high in the years while 
a crop is establishing, but tends to decrease after this 
period; for example, in terms of nutrient demand on soil 
resources, Will (1~68) reported that in the first ten 
years after planting, pinus radiata was supplied by the 
soil at a rate of 510KgN/ha/yr, but after this, nitrogen 
requirements were dominantly met from nutrient cycling 
so that no further demands were placed on soil nitrogen 
sources. 
In a mature forest situation, as occurs in the study area, 
it is probably unlikely that vegetation is making a heavy 
demand on the soil resource. Instead, it is more likely 
that nutrient demands in these climax beech-podocarp 
forests are being met by organic components, and particularly 
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rel ease of nutri ents from slowly decomposi ng moroid litter. 
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CHAPTER V I SW1MARY 
1. Soils of some small catchments within the Blackball hill 
soils, developed on an old strongly weathered conglomerate 
near Reef ton were described and studied. 
2. The climate, geology, physiography, parent materials and 
vegetation found in the study area were discussed. 
3. Literature pertaining to the role of models in the study of 
soil systems was reviewed. Particular emphasis was 
placed on functional units of study such as the soil catena 
and the soil~landscape-system, as both had applications 
in the study area. 
4. Some aspects of slope development and erosion phenomena 
relevant to the study area were briefly discussed. 
5. Changes in soil-slope-regolith relationships were examined 
and a model proposed to -summarise these relationships. 
6. Sources of soil variability were reviewed and soil variability 
in the study catchments was illustrated by detailed 
profile descriptions and colour plates. 
7. Techniques were devised to map and describe the extremely 
variable soil pattern within the Blackball hill soils 
of the study area. 
8. Use was made of recent concepts of defining and relating 
soil mapping units and soil profile classes. These 
were found to be particularly useful in communicating the 
nature of complex soil mapping units. 
9. Using the concept of the landscape body as a basis, three 
map delineations were recognised: noses, sideslopes and 
hall ows. 
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10. Six compound soil mapping units were established from seven 
recognised soil profile classes. 
11 The sampling methods and analytical techniques used to 
characterise soil properties in terms of soil catenary 
relationships were described. 
12. Differences in measured soil parameters, though not always 
great, generally supported the map delineations as 
well as the concepts of translocation of materials 
implicit in both the soil catena and soil-landscape-systems 
models. 
13. Soil pH val ues throughout the study area were low to very 
low and nowhere> 5.5. An increase in soil pH value 
was recorded in all the depth functions and downslope in 
some of the nine catenas. 
14. Oxidisable carbon, total nitrogen,cation exchange capacity 
(by inference only) were highest in the organic horizons, 
decreaSing with profile depth. 
15. Total phosphorus increased downslope, but in general values, 
though not high, were higher than anticipated. 
16. Poorly-ordered forms of aluminium, iron and silicon were 
accumulating in the nose and sideslope zones, but were lower 
in the hollow zone. 
17. ~'Jhere soil pH>4.5, as in most of subsoils, aluminium and 
iron were accumulating relative to silicon, and the soil 
was moving slowly towards a lateritic end product. 
Under these conditions the stable weathering products of 
mica and feldspar from the parent materials, as observed 
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by X-ray diffraction, were vermiculite-pedogenic chlorite 
interstratifications and kaolinite. Where soil pH < 4.5 
and organic matter levels were high, as in most of the 
topsoils, a second weathering cycle was initiated in 
which aluminium and iron were lost from the upper horizons 
resulting in the dealumination of pedogenic intergrade 
material to form a mica-vermiculite-smectite interstratification. 
The direction of weathering had thus altered towards a 
podzolic end product. 
164 
ACKNOWLEDGEMENTS 
It is my pleasant duty to conclude this thesis by acknowledging 
the help of several people during the course of this study. I 
would first like to sincerely thank my supervisor, Mr P.J. Tonkin, 
for his guidance, help and encouragement. My thanks are also due 
to other members of the Soil Science department who have given help 
and advice in various phases of the study. In particular, these 
include Mr A.W. Young and Dr A.S. Campbell. 
My thanks are also due to Dr C.L. O'Loughlin, of the Forest 
Research Institute, Ilam, for allowing the work to be done in their 
experimental area, and to Mr S.Harrison, of the New Zealand Forest 
Service, Reef ton, for providing free housing during the periods of 
field work. 
Sincere and grateful thanks also to my wife, Beverley, who 
has helped in many aspects of this work. Her patience, help and 
encouragement were greatly appreciated. 
Finally, I wish to thank Mrs M.E. Woodhead who typed the 
manuscript. 
165 
REFERENCES 
ACTION, D.F. 1965. The relationship of pattern and gradient of 
slopes to soil type. Canadian Journal of Soil Science 
45: 96-101. 
ADAMS, S.N. 1974. Some relations between forest litter and growth 
of Sitka Spruce on poorly drained soils. Journal of 
Applied Ecology 11: 761-765. 
ADAMS, J.A. 1976. Nutrient requirements of four Nothofagus species 
in north Westland, New Zealand, as shown by foliar analysis. 
New Zealand Journal of Botany 14: 211-224. 
ANDERSON, K.E. & FURLEY, P.A. 1975. An assessment of the 
relationship betvJeen surface properties of chalk soils and 
slope form using principal components analysis. Journal 
of Soil Science 26: 130-143. 
ARCHER, A.C. 1973. Plant succession in relation to a sequence 
of hydromorphic soils formed on Glacio-fluvio sediments in 
_._---
the alpine zone of the Ben Ohau Range New Zealand. 
New Zealand Journal of Botany 11: 331-348. 
ARNOLD, R.W. 1965. Multip1~ working hypotheses in soil genesis. 
Soil Science Society of America Proceedings 29: 717-725. 
ATTIWELL, P.M. 1968. The loss of elements from decomposing litter. 
Ecology 49: 142-145. 
AVERY, B.W. 1969. The problems of soil classification in"the 
soil Ecosystem". Systematics Association Publication 8. 
BAGNALL, R.G. 1972. The dry weight and calorific value of 1itterfa11 
in a New Zealand Nothofagus Forest. New Zealand Journal 
of Botany 10: 27-36. 
\ 
BARSHAO, I. 1964. Chemistry of soil development, pl-70 in 
F.E. BEAR, ed., Chemistry of the Soil. Reinhold 
Publishing Corporation, New York, 515p. 
166 
BEAR, J, ZASLAVSKY, 0, & IRMAY, S. 1968. "Physical Principles 
of water percolation and seepage". UNESCO, Paris, 456p. 
BECKETT, P.H.T. 1967. Lateral changes in soil variability. 
Journal of the Australian Institute of Agricultural 
q,Science 33: 172-179. 
BECKETT, P.H.T. 1971. The cost-effectiveness of soil survey. 
Outlook on Agriculture 6: 191-198. 
BECKETT, P.H.T. & BURROUGH, P.A. 1971a. The relation between 
cost and utility in soil survey IV. Comparison of the 
utilities of soil maps produced by different survey 
procedures, and to different scales. Journal of Soil 
Science 22: 466-480. 
BECKETT, P.H.T. & BURROUGH, P.A. 1971b. The relation between 
cost and util ity in soil survey V. The cost-effect"iveness 
of different soil survey procedures. Journal of Soil 
Science 22: 481-489. 
BECKETT, P.H.T. & ~~EBSTER, R. 1971. 1 Soil variability: a review. 
Soils and Fertilisers 34: 1-15. 
BERTELS, K. & NAUTA, D. 1969. Inleiding tot let modelbegrip 
(Introduction to the concept of model). W de Haan 
Bussum, 183p. (Cited in Dijkerman, 1974). 
BIE, S.W. & BECKETT, P.H.T. 1970. The cost of soil survey. 
Soils and Fertilisers. 33: 203-217. 
167 
BIE, S.~l. & BECKETT, P.H.T. 1971a. Quality control in soil 
survey. Introduction: 1. The choice of mapping unit. 
Journal of Soil Science 22: 32-49. 
BIE, S.~J. & BECKETT, P.H.T. 1971b. Quality control in soil 
survey II. The costs of soil survey. Journal of 
Soil Science 22: 453-465. 
BIRKELAND, P.W. 1974. "Pedo1ogy, Heathering and Geomorphological 
Research". Oxford University Press, London 285p. 
BLAKEMORE, L.C., SEARLE, P.L. & DALY, B.K. 1972. A methods 
for chemical analysis of soils. N~w Zealand Soil 
Bureau Scientific Report lOA. 
BLUME, H.P. 1968. Die pedogenetische Deutung einer Catena 
durch die Untersuchung der Bodendynamik. Transactions 
of the International Congress of Soil Science, 9th 
Adelaide 4: 441-449. (Paper in German except Summary). 
BOCOCK, K.L. 1974. Changes in the amounts of dry matter, 
nitrogen, carbon and energy in decomposing woodland 
leaf litter in relation to the activities of soil fauna. 
Journal of Ecology 52: 273-284. 
BORMANN, F.H. & LIKENS, G.E. 1967. Nutrient cycling. 
Science 155: 424-429. 
BOR~,1ANN, F.H. & LIKENS, G.E. 1970. The nutrient cycles of an 
ecosystem. Scientific American 223(4): 92-101. 
BOR~1ANN, F.H. LIKENS, G.E., SICCAMA,- T.G., PIERCE, R.S. & EATSON, J.S. 
1974. The export of nutrients and recovery of stable 
conditions following deforestation at Hubbard Brook. 
Ecological Monographs 44: 255-277. 
168 
BRA V, J. R. & GO RHN1, E. 1964. Litter production in forests of 
the world. Advances in Ecological Research 2: 101-157. 
BRINDLEY, G.W. 1972. Quantitative analysis of clay mixtures 
p489-516. In BrovJn G. Ed. liThe X-ray identification 
and crystal structures of clay minerals". Mineralogical 
Society (clay minerals group) London. 
BRINDLEY, G.W. 1976. Current and future trends in clay 
mineralogy - a review. Clay Minerals 11: 257-268. 
BROI<JN, G. 1972. Ed. liThe Z-ray identification and crystal 
structures of clay minerals". ~'1ineralogical Society 
(Clay Minerals Group) London. 
BUNTING, B.T. 1965. The geography of soil. Aldine Publishing 
Company, Chicago, 213p. 
BUTLER, B.E. 1959. Periodic phenomena in landscape as a basis 
for soil studies. CSIRO Australia Soil Publication 14: 20p. 
BURROUGH, P.A. BECKETT, P.H.T. & JARVIS, M.G. 1971. The relation 
between cost and utility in soil survey. (I-III). 
Journal of Soil $cience 22: 359-394. 
BUSHNELL, T.M. 1942. Some aspects of the soil catena concept. 
Soil Science Society of America Proceedings 7: 466-476. 
I 
CAMPBELL, A.S. 1974. The influence of red beech (Nothofagus 
fusca) on clay mineral genesis. Transactions 10th 
International Congress of Soil Science, Moscow VI: 60-67. 
CAMPBELL, A.S. 1975. Chemical and mineralogical properties of a 
sequence of terrace soils near Reef ton, New Zealand. 
Thesis, Ph.D, Lincoln College, University of Canterbut'y, 
New Zealand. 
169 
CAMPBELL, I.B. 1973. Pattern of variation in steepland soils: 
variation on a single slope. New Zealand Journal of 
Science 16:413-434. 
CAMPBELL, r.B. 1975. Pattern of variation in steepland soil 
differences in complex topography. New Zealand Journal 
of Science 18: 53-66. 
CANADA DEPART~1ENT OF AGRICULTURE, 1974. liThe system of soil 
classification for Canada ll . Publication 1455. 255p. 
CARROLL, Dorothy. 1970. IIClay minerals: a gUide to their 
X-ray identificationll. The Geological Society of America 
Special paper 126. 
CARSON, M.A. & KIRKBY, M.J. 1972. IIHillslope form and process ll . 
Cambridge Geographical Studies 3. Cambridge University 
Press, London 475p. 
CHAVASSE, C.G.R. 1962. Forests, soils and landforms of 
Westland. New Zealand Forest Service Information 
Series 43, 14p. 
COMPTON, E. 1960. The significance of the weathering leaching 
ratio in differentiation of major soil groups, with 
particular reference to some very strongly backed Brown 
Earths on the hills of Britain. Transactions of the 
7th International Congress of Soil Science, Madison, 5: 
406-412. 
CONACHER, A.J. & DALRYMPLE, 1977. The nine-unit landsurface 
model: an approach to pedogeomorphic research. 
Geoderma 18: 1-154. 
COTTON, C.A. 1963. Development of fine-textured landscape 
relief in temperate pluvial climates. New Zealand 
Journal of Geology and Geophysics 6: 528-533. 
170 
CROCKER, R.L. 1952. Soil genesis and the pedogenic factors. 
Quarterly Revue of Biology 27: 139-168. 
DAN, J. & YAALON, D.H. 1964. The application of the catena concept 
in studies of pedogenesis in Mediterranean and desert 
fringe areas. Transactions of the International Congress 
of Soil Science, 8th Bucharest 4: 751-758. 
DAN, J. YAALON, D .. H. & KOYW~DJISKY, 1968. Catenary soil 
relationships in Israel. I. The Netanya catena on coastal 
dunes of the Sharon. Geoderma 2: 95-120. 
DANIEL, M.J. 1975. Preliminary account of litter production 
in a New Zealand lowland Podocarp Rata-Broadleaf 
forest. New Zealand Journal of Botany 13: 173-187. 
DEB, B.C. 1950. The estimation of free iron oxides in soils 
and clays and their removal. Journal of Soil Science 
1: 212-220. 
DIJKERMAN, J.C. 1974. Pedology as a Science: The role of data, 
models and theories in the study of natural soil systems. 
Geoderma, 13: 1-2Z. 
DOUGLAS, L.A. 1971. Hydrogen peroxide-organic matter - pH 
interactions. Soil Science Society of America Proceedings 
54;. 514. 
DOUGLAS, L.A. & FIESSINGER, F. 1971. Degradation of clay minerals 
by H202 treatments to oxidise organic matter. Clays and 
Clay Minerals 19: 67-68. 
DUDAS, M.J . & HARWARD, M.E. 1971. Effect of dissolution 
treatment on standard and soil clays. Soil Science 
Society of America Proceedings 35: 134-139. 
171 
DYLIK, J. 1967. Solifluxion, congelifluxion and related slope 
processes. Geografiska Annaler 49: 167-177. 
EYK, J.J., MACVICAR, C.N. & de VILLIERS, J.M. 1969. Soils of 
the Tugela Basin. Interpak (Pty) Ltd, Durban 263p. 
FAO-UNESCO 1974. "Soil map of the \'/orld, 1:5000000. 
Volume 1. Legend". UNESCO-PARIS, 59p. 
FITZPATRICK, E.A. 1974. "An introduction to Soil Science" 
Oliver and Boyd, Edinburgh. 176p. 
FORREST, W.G. & OVINGTON, J.D. 1970. Organic matter changes in an 
age series of Pinus radiata plantations. Journal of 
Applied Ecology 7: 177-186. 
FRANKLIN, D.A. 1968. Biological flora of New Zealand 3. 
Dacrydium cupressinium lamb, (Podocal"paceae) Rimu. New 
Zealand Journal of Botany 6: 493-513. 
FURLEY, P.A. 1971. Relationships between slope form and soil 
properties developed over chalk parent materials. 
Institute of British Geographics Special Publication 3: 141-163. 
GERSPER, P.L. & HOlOLAYCHUK, N. 1971. Some effects of stemflow 
from forest canopy trees on chemical properties of soils. 
Ecology 52: 691-702. 
GIBBS, H.S., MERCER, A.D. & COLLIE, T.W. 1950. Soils and 
Agriculture of Westland, New Zealand. New Zealand Soil 
Bureau Bulletin 2. 
172 
GJEMS, O. 1970. Mineralogical composition and pedogenic 
weathering of the clay faction in podzol soil profiles 
in Zalesine, Yugoslavia. Soil Science 110: 237-243. 
GLAZOVSKAYA, M.A. 1968. Geochemical landscapes and types of 
geochemical soil sequences. Transactions of the 
International Congress of Soil Science, 9th Adelaide 
·4: 303-,312. 
GOSZ, J.R., LIKENS, G.E. & BORMANN, F.H. 1972. Nutrient content 
of litter fallon the Hubbard Brook Experimental Forest, 
New Hampshire, Ecology 53: 769-84. 
GOSZM J.R., LIKENS, G.E. & BORMANN, F.H. 1973. Nutrient release 
from decomposing leaf and branch litter in the Hubbard 
Brook Forest, New Hampshire. Ecological Monographs 
43: 163-191. 
GUNN;R.M. 1974. A soil catena on weathered basalt in Queensland. 
Australian Journal of Soil Research, 12: 1-14. 
HALLSWORTH, E.G., COSTIN, A.B., GIBORNS, F.R. & ROBERTSON, G.K. 1952. 
Studies in pedogenesis in New South Wales II. The chocolate 
soils. Journal of Soil Science 3: 103-124. 
HALLSWORTH, E.G. 1956. The relationship between experimental 
pedology and soil .classification. l!:!. "Experimental 
Pedology". Editors Hallsworth, E.G. and Crawford, D.V. 
p354-371. Butterworths, London, 414p. 
HANNA, W.E., DAUGHERTY, L.A. & ARNOLD, R.W. 1975. Soil-geomorphic 
relationships in a first-order valley in Central New York. 
Soil Science Society of America Proceedings 39: 716-722. 
173 
HARWARD, M.E. & THEISEN, A.A. 1962. Problems ,jon clay mineral 
identification by X-ray diffraction . Soil Science 
Society of America Proceedings 26: 335-341. 
HARWARD, M.E . , THEISEN, A.A. & EVANS, D.O. 1962. Effect of iron 
removal and dispersion methods on clay mineral 
identification by X-ray diffraction. Soil Science 
Society of America Proceedings 26: 535-541. 
HEATH, G.~J. & Arnold, t1.K. 1966. Studies in leaf-litter breakdown 
II. Breakdown rate of "sun" and "shade" leaves. 
Pedobiologia 6: 238-243. 
HEINE, M. 1973. A comparison of nutrients in leaves and litter 
of red, silver and mountain beech. Mauri Ora 1: 55-60. 
HOLE, F.D. 1953. Suggested terminology for describing sOils 
as three-dimensional bodies. Soil Science Society of 
America Proceedings 17: 131-135. 
HUDDLESTON, J.H. & RIECKEN, F.F. 1973. Local soil-landscape 
relationships in Western Iowa: 1. Distributions of 
selected chemical and physical properties . Soil Science 
Society of America Proceedings 37: 264-270. 
HUGGETT, R.J. 1973. The theoretical behaviour of materials 
I 
within soil landscape systems. Occasional Paper No 19. 
University College, London. Department of Geography. 
HUGGETT, R.J. 1975. Soil landscape systems: a model of soil 
genesis. Geoderma 13: 1-22. 
HUGGETT, R.J. 1976. Lateral translocation of soil plasma 
through a small valley basin in the Northaw Great Wood, 
Hertfordshire. Earth Surfa~e Processes 1: 99-109. 
174 
JACKSON, M.L. 1956. "Soil Chemical Analysis - Advanced Course". 
Published by the Author, Department of Soil Science, 
University of Wisconsin, Madison, ILL 53706. 991p. 
JACKSON, M.L. 1963. Interlayering of expansible layer silicates 
in soils by chemical weathering. Clays and Clay ~1inerals, 
Proceedings of the 11th National Conference, p29-46. 
JACKSON, M.L. 1964. Soil Clay mineralogical analysis, p245-294. 
l.!l Rich, C.r. and Kunze, G.\4. Eds. "Soil Clay 
Mineralogy". The University of North Carolina Press, 
Chapel Hill, 330p. 
JENNY, H. 1941. "Factors of soil formation - a system of 
quantitative pedology". McGraw-Hill, New York, 281p. 
JENNY, H. 1958. Role of the plant factor in the pedogenic 
functions. Ecology 39: 5-16. 
JENNY, H. 1961. Derivation of state factor equations of soils 
and ecosystems. Soil Science Society of ,ll.merica 
Proceedings 25: 385-388. 
JOFFE, J.S. 1949. "Pedology". Pedological Publications" 
New Brunswick, N.J., 662p. 
KANG, B.T. 1977. Effect of some biological factors on soil 
variability in the tropics. II. Effect of oil palm tree 
(ELAEIS GUINESIS JACQ). Plant and Soil 47: 451-462. 
KANG, B.T. & MOORMANN, F.R. 1977. Effect of some biological 
factors on soil variability in the tropics.I. Effect 
of preclearing vegetation. Plant and Soil 47: 441-449. 
175 
K~POOR, B.S. 1973. The formation of 2: 1-2:2 intergrade 
clays in some Norwegian podzols. Clay Minerals 10: 79-86. 
KELLER, W.O. 1962. The principles of chemical weathering. 
Lucas Brothers, Columbia, Missouri, Illp. 
KELLOGG, C.E. 1949. Introduction to a special issue on soil 
classification. Soil Science 67: 77-80. 
KINGMA, J.T. 1974. The geological structure of New Zealand. 
Regional Geology Series, Wiley, New York. 407p. 
KINGSTON, J.D. 1968. Some soil properties associated with good 
and poor re-genera ti on grO\>Jth ina rad i a ta pi ne fares t on 
Mapua hill soils, Nelson. M. Agr. Sci. Thesis, Lincoln 
College, University of Canterbury. 
KIRKLAND, A. 1973. 
48p. 
"Beech Forests". New Zealand Forest Service, 
KLINE, J.R. 1973. Mathematical simulation of soil-plant 
relationships and soil genesis. Soil Science 115: 240-249. 
KNOX, E.G. 1965. Soil individuals and soil classification. 
Soil Science Society of America Proceedings 29: 79-84. 
KODAMA, H. & SCHNITZER, M. 1973. Dissolution of chlorite minerals 
, 
by fulvic acid. Canadian Journal of Soil Science 
53: 240-243. 
KORELESKI, K. 1975. Types of soil degradation on loess near 
Krakow. Journal of Soil Science, 26: 44-52. 
LAFFAN, M.D. 1973. The soils and tunnel-gully erosion of a 
small catchment in the wither hills, Blenheim. Thesis, 
~~. Agr. Sci. Lincoln College, University of Canterbury, 
New Zealand, 196p. 
LAMB, D. 1975. Patterns of nitrogen mineralisation in the 
forest floor of stands of Pinus radiata on different 
soils. Journal of Ecology 63: 615-625. 
176 
LAVKULICH, L.M. & ~lIENS, J.H. 1971. Hydrogen peroxide-organic 
matter-pH interactions. Soil Science Society of America 
Proceedings 35: 514. 
LEAMY, M.L. 1972. Fine-textured dissection in semi-arid 
Central Otago. New Zealand Journal of Geology and 
Geophysics 15: 394-405. 
LESLIE, D.M. 1973a. Quaternary deposits and surfaces in a 
volcanic landscape on Otago Peninsula. New Zealand 
Journal of Geology and Geophysics 16: 557-566. 
LESLIE, D.M. 1973b. Relationship between soils and regolith 
in a volcanic landscape on Otago Peninsula. New Zealand 
Journal of Geology and Geophysics 16: 567-574. 
LIVINGSTONE, L.G. 1973. Soil sulphur analysis by X-ray 
Fluorescence. Thesis, M. Agr. Sci., Lincoln College, 
University of Canterbury, New Zealand 114p. 
LUTZ, H.J. & CHANDLER, R.F. 1946. "Forest Soils". John Hiley 
and Sons, Inc, New York. 514p. 
MACMILLAN, B.H. 1972. Biological flora of New Zealand 7. 
Ripogonum scandeas J.R. et G Forst (Smilacaceae) 
Su~ejack, kareao New Zealand Journal of Botany 10: 641-672. 
MCCORMACK, D.E. & WILDING, L.P. 1969. Variation of soil properties 
within soil mapping units of soils with contrasting 
substrata in Northl</estern Ohio. Soil Science Society of 
America Proceedings 33: 587-593. 
177 
MCKEAGUE, J.A. 1965. Properties and genesis of three members 
of the uplands catena. Canadian Journal of Soil 
Science 45: 63-77. 
MCKEAGUE, J.A. 1967. An evaluation of O.lM pyrophosphate and 
pyrophosphate-dithionite in comparison with oxalate 
as extractants of the accumulation production podzols 
and some other soils. Canadian Journal of Soil Science 
47: 95-99. 
MCKEAGUE, J.A., BRYDON, J.E. & MILES, N.M. 1971. Differentiation 
of forms of extractable iron and aluminium in soils. 
Soil Science Society of America Proceedings 35: 33-38. 
MCKEAGUE, J;A. & DAY, J.H. 1966. Dithionite-and oxalate-
extractable Fe and Al as aids in differentiating various 
classes of soils. Canadian Journal of Soil Science 
46: 13-22. 
MCKEAGUE, J.A. & DAY, J.H. 1969. Oxalate-extractable Al as a 
criterion for identifying podzol B horizons. Canadian 
Journal of Soil Science 49: 161-163. 
MALCOLM, R.L., NETTLETON, W.D. & MCCRACKEN, R.J. 1969. Pedogenic 
formation of montomori11onite from a 2: 1-2:2 intergrade 
clay mineral. Clays and Clay Minerals 16: 405-414. 
MEHRA, O.P. & JACKSON, M.L. 1960. Iron oxide removal from soils 
and clays by a dithionite-citrate system buffered with 
sodium bicarbonate. Clays and Clay Minerals 7: 317-327. 
METSON, A.J. 1961. Methods of chemical analysis for soil survey 
samples, 2nd edition. New Zealand Soil Bureau Bulletin 
12: 208p. 
178 
MEW,G., WEBB, T.H., ROSS, C.W. & ADAMS, J.A. 1975. Soils of 
Inangahua Depression, South Island, New Zealand. New 
Zealand Soil Survey Report 17. 
MILLER, R.B. 1963. Plant nutrients in Hard Beech III. 
The cycle of nutrients. New Zealand Journal of Science 
6: 388-413. 
MILLER, H.G., COOPER~ JEAN. M. & MILLER, J.D. 1976. Effect of 
nitrogen supply on nutrients in litterfall and crown 
leaching in a stand of Corsician Pine. Journal of 
Applied Ecology 13: 233-248. 
MILNE, G. 1936. Normal erosion as a factor in soil profile 
development. Nature 138: 548-549. 
MORISON, C.G.T. 1949. The catena concept and the classification 
of tropical soils. Commonwealth Bureau of Soil Science. 
Technical Communication 46: 124-128. 
MORRIS, J.M. 1970. Multivariate methods in the study of soils. 
Soils and Fertilisers 33: 313-318. 
NEW ZEALAND ATLAS 1976. p91. Ed. Ian Wards. A.R. Shearer, 
I 
Government Printe'r, t~ellington, 291p. 
NEW ZEALAND FOREST SERVICE 1971. Utilisation of South Island 
, . ~ , 
beech forests. Report to Parliment by the Director-
General of Forests, October 1971. 
NEW ZEALAND METEOROLOGICAL SERVICE 1966. Summaries of climatological 
observations at New Zealand stations to 1960. New Zealand 
Meteorological Service, Wellington. Miscellaneous 
Publication 122. 
179 
NEW ZEALAND SOIL BUREAU 1968, Part 2. General survey of the soils 
of South Island 1 New Zealand. New Zealand Soil Bureau 
Bulletin 27, 404p. 
NEW ZEALAND snIL BUREAU 1972. 5011 Bureau Laboratory methods. 
New Zealand Soil Bureau Scientific Report 10. 
NORTHCOTE, K.H. 1960. A factual key for tile recognHion of 
Australian so11s. C.S.I.R.O.· (Australia) So11s 
Division. Divisional Report 4/60~ 123p. 
otLOUGHLIN, C.L. & PEARCE, A.J. 19]6. Influence of Cenozoic 
geology on mass movement and sediment yield response 
to forest removal, North Westland, New Zealand. 
Bulletin of the International Association of Engineering 
Geology 14: 41-46. 
OVINGTON, J.D. 1965. Organic production, turnover and TIineral 
cycling in woodlands. Biological Reviews 40: 295-326. 
PAIN, C.F. 1971. Rapid mass movement under forest and grass 
in the Hunua Ranges, New Zealand. Australian 
Geographical Studies 9: 77~4·. 
I 
PEARCE, A.J., O'LOUGHLIN, C.L. & ROWE, L.K. 1976. Hydrologic 
regime of small, undisturbed beech forest catchments, 
North Westland. Proceedings of Soil and Plant Water 
Symposium, Palmerston North, 25-27 t·1ay 1976~ 150-158. 
New Zealand Department of Scientific and Industrial 
Research Information Series. 
POLYNnV, B.B. 1951. Modern ideas of soil formation and 
devel apment. Soil s and Fertilisers 14: 95-101. 
POMEROY, L.R. 1970. The strategy of mfnera1 cycling. 
Annual Revenue of Ecological Systems' 1: 171..,.190. 
RICH, c,r. 1968. Hydroxy interlayers in expansible layer 
silicates. Clays and Clay Minerals 16: 15-30. 
180 
ROSS, C.\~., ME\~, G & SEARLE, P.L. 1977. Soil sequences on two 
terrace systems in the North Westland area, New Zealand. 
New Zealand Journal of Science 20: 231-44. 
RUHE, R.V. & WALKER, P.H. 1968. Hillslope models and soil 
formation I. Open systems. Transactions of the 
International Congress of Soil Science 9th Adelaide 
4: 551-560. 
RUNGE, E.C.A. 1973. Soil development sequences and energy 
model,s. Soil Science 115: 183-193. 
SCHELLING, J. 1970. Soil genesis, soil classification and 
soil survey. Geoderma 4: 165-193. 
SCHUMM, S.A. & MOSLEY, ~1.P. 1973. Editors' comments on papers 
22 through 29 in Slope Morphology. Dowden, Hutchinson 
and Ross Incorporated, Pennsylvania 454p. 
SELBY, M.J. 1970. Slopes and Slope Processes. Waikato Branch, 
New Zealand Geographic Society, Publication 1. 59p. 
SHARP, C.F.S. 1938. Landslides and related phenomena 
Pageant, New Jersey, 125p. 
SHREVE, R.L. 1966. Statistical law of stream numbers, Journal 
of Geology 74: 17-37. 
SIMONSON, R.W. 1959. Outline of a generalised theory of soil 
genesis. Soil Science Society of America Proceedings 
23: 152-156. 
SIMONSON, R.W. 1971. Soil association ~aps and proposed 
nomenclature. Soil Science Society of America 
Proceedings 35: 959-965. 
SINGH, K.P. 1969. Studies in decomposition of leaf litter 
of important trees of tropical deciduous forests at 
Varanasi. Tropical Ecology 10: 292-311. 
181 
SMECK, N.E. 1973. Phosphorus: an indicator of pedogenetic 
weathering processes. Soil Science 115: 199-206. 
SMECK, N.E. & RUNGE, E.C.A. 1971. The phosphorus availability 
and redistribution in relation to profile development 
in an Illinois landscape segment. Soil Science 
Society of America Proceedings 35: 952-959. 
SOIL SURVEY STAFF 1960. Soil classification, a comprehensive 
system - 7th Approximation. Washington D.C. 
SPAIN, A.V. 1973. Litterfall in a New South Wales conifer 
forest: a multivariate comparison of plant nutrient element 
status and return in four species. Journal of Applied 
Ecology 10: 527-556'1 
STURDY, R.G. 1971. Soil Survey Record 7. Soils in Essex 1. 
Harpenden, 184p. 
SUGGATE, R.P. 1957. The Geology of the Reef ton Subdivision 
New Zealand Geological Survey Bulletin, 56: 1-146. 
SUGGATE, R.P. 1965. Late Pleistocene Geology of the Northern 
part of the South Island, New Zealand. New Zealand 
Geological Survey Bulletin, 77: 1-91. 
182 
SUGGATE, R.P. 1973. In International Union for Quaternary 
Research. Congress 9th Christchurch. Guidebook of 
Excusion 6. 169p. 
SYERS, J.K., \~ILLIAMS, J.D.H., CAMPBELL, A.S. & I'JALKER, Lvi. 1967. 
The significance of apatite inclusions in soil phosphorus 
studies. Soi.l Science Society of America Proceedings 
31: 752-756. 
SYERS, J.K., WILLIAHS, J.D.H., vIALKER, T.W. & CHAP~1AN, S.L. 1970. 
Mineralogy and forms of inorganic phosphorus in a 
graywacke soil-rock weathering sequence. Soil Science 
110: 100-106. 
TAYLOR, N.H. & POHLEN, I.J. 1970. Soil Survey Method. 
New Zealand Soil Bureau Bulletin 25. 
TONKIN, P.J., YOUNG, A.\~., MCKIE, D.A. & CAt-1PBELL, A.S. 1977. 
Conceptual models of soil development and soil distribution 
in hill country, Central South Island, New Zealand, Part I. 
The analysis of the changes in soil pattern. New Zealand 
Soil Ne\'/s 25: 170-172. 
TURNER, J. & SINGER, t~.J : 1976. Nutrient distribution and 
cycling in a subalpine coniferous forest ecosystem. 
Journal of Applied Ecology 13: 295-301. 
U.S.D.A. 1975. Soil Taxonomy. A basic system of soil 
classification for making and interpreting soil surveys. 
United States Department of Agricul ture, Soil Conservation 
. Service Soil Survey Staff. Agriculture Handbook 436. 754p. 
WALKER, T.W. 1965. The significance of phosphorus in 
pedogenesis, p295-316. 1~ Hallsworth, E.G. and 
183 
Crawford, D.V. Eds. II Experimental Pedologyl. ButtenlOrths, 
London, 414p. 
WALKER, T.H. 1974. Phosphorus as an index of soil development. 
Transactions lOth International Congress of Soil Science 
6: 451-457. 
WALKER, T.W. & SYERS, J.K. 1976. The fate of phosphorus during 
pedogenesis. Geoderma 15: 1-19. 
WALKLEY, A & BLACK,. I.A. 1934. An examination of the Detjareff 
method of determining soil organic matter and a proposed 
modification of the chromic acid titration method. 
Soil Science 37: 29-38. 
HARDLE, J. 1970. The ecology of Nothofagus solandri 1. 
The distribution and relationship with other major forest 
and scrub species. New Zealand Journal of Botany 8: 494-531. 
WARDLE, P. 1964. Facets of the distribution of forest 
vegetation in New Zealand. New Zealand Journal of Botany 
2: 352-366. 
WARDLE, P. 1966. Biological flora of New Zealand 1. 
Weinmannia racemosa linnf. (Cunoniaceae) Kamahi. 
New Zealand Journal of Botany 4: 114-131. 
WARDLE, P. 1967. Biological flora of Ne\'l Zealand 2. 
Nothofagus menziesii (Hook.f.) oerst (Fagaceae) 
Silver beech. New Zealand Journal of Botany 5: 276-302. 
184 
WARDLE, P. 1969. Biological flora of Ne\'I Zealand 4. 
Phyllocladus alpinus hook f. (Podocarpaceae) 
Mountain Toatoa, Celery Pine. New Zealand Journal of 
Botany. 7: 76-95. 
WARDLE, P. 1971. Biological flora of Ne\'J Zealand 6. 
Metrosideros umbe1lata Cav (Syn. M. 1ucida (Forst, f.) 
A Rich) (Myrtaccae). Southern Rata. New Zealand 
Journal of Botany 9: 645-671. 
WARDLE, P., FIELD, T.R. & SPAIN, A.V. 1971. Biological flora of 
New Zealand 5. Olearia colensoi HOOK F. (Compositae) 
leatherwood, Tupari. New Zealand Journal of Botany 
9: 186-214. 
WATSON, J.P. 1965. Soil Catenas. Soils and Fertilisers 
28: 307-310. 
WEAVER, R.M., SYERS, J.K. & JACKSON, M.L. 1968. Determination of 
silica in citrate-bicarbonate-dithiorite extracts of soils. 
Soil Science Society of Amer,ica Proceedings 32: 497-501. 
WEBB, T.H. 1976. Pedolog~cal studies of soils of the Tekapo 
set in East Lake Pukak; region, South Canterbury, 
New Zealand. Thesis, M. Agr. Sci. Lincoln College, 
University of Canterbury, New Zealand. 
WHITFIELD, W.A.D. & FURLEY, P.A. 1971. The relationship between 
so;l patterns and slope form in the Ettrick Association, 
South-east Scotland. Institute of British Geographers 
Special Publication 3: 165-175. 
WILL, G.t~. 1955. Removal of mi.neral nutrients from tree 
crowns by rains. Nature 176: 1180. 
WILL, G.M. 1968. The uptake, cycling and removal of 
mineral nutrients by crops of P. radiata. 
185 
New Zealand Ecological Society, Proceedings 15: 20-24. 
WILLIAMS, P.A. 1975a. Studies of tall tussock (Chionochloa) 
vegetation/soil systems of , the Southern Tararua Range, 
New Zealand.1. The soils and slump features. 
New Zealand Journal of Botany 13: 215-268. 
WILLIAMS, P.A. 1975b. Studies of tall tussock (Chionochloa) 
vegetation/soil systems of the Southern Tararua Range, 
New Zealand 2. The vegetation/soil relationships. 
New Zealand Journal of Botany 13: 269-303. 
WILLIAMS, P.A., GRIGG, J.L., NESS, P. & O'CONNER, K.F. 1976. 
Vegetation/soil relationships and distribution of 
selected macroelements within the shoots of tall tussocks 
on the Murchison mountains, Fiordland, New Zealand. 
New Zealand Journal of Botany 14: 29-53. 
l4ILLIA~1S, J.D.H., SYERS, J.K., 14ALKER, T.W. & SHAH, A.R. 1969. 
Apatite transformation during soil development. 
Agrochemica 13: 491-501. 
YAALON, D.H. 1960. Some implications of fundamental concepts of 
pedology in soil classification. Transactions of the 
7th International Congress of Soil Science, Madison, 
Wisconsin, 4: 119-123. 
YAALON, D.H. 1971. Soil forming processes in time and 
space p29-39. In D.H. Yaalon, ed. Paleopedology. 
Israel University Press, Jerusalem, 350p. 
YAALON, D.H. 1975. Conceptual models in pedogenesis: 
186 
can soil-forming functions be solved? Geoderma 14: 189-205. 
YOUNG, D.J. 1967. Loess deposits of the West Coast of the 
South Island, New Zealand. New Zealand Journal of 
Geology and Geophysics 10: 647-658. 
YOUNG, A.W., TONKIN, P.J., MCKIE, D.A. & CAMPBELL, A.S. 1977 
Conceptual models of soil development and soil 
distribution in hill country. Central South Island, 
New Zealand, Part 2. Chemical and mineralogical 
properties. New Zealand Soil News 25: 173-175. 
187 
TABLE 1 DERIVA'I'ION OF SOIL HAP UNITS 
Landscape body Compound SHU Included Spc's 
Noses A 1 + 2 
B 1 + 2 + 4 
C 2 + 4 
Sideslopes 
D 4 + 5 
Valley floor E 3 + 5 + 7 
and hollows F 5 + 6 + 7 
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TABLE 2 PROPORTION OF SOIL PROFILE CLASSES WITHIN COMPOUND 
SOIL MAP UNITS 
* S.M.U. Expected Proportion of spc in S.M.U. (%) 
1 2 3 4 5 6 7 
A 10-40 60-90 
B 0-10 40-70 20-40 
C 20-40 60-80 
D 40-70 30-60 
E 10-30 40-70 20-30 
F 50-70 0-20 10-30 
* Based on observations recorded in the course of traversing 
60-75% of catchment 4. 
TABLE 3 DIFFERING PROPORTIONS OF TWO SOIL MAP UNITS 
Symbol %Area A %Area B 
A + B 50-55 45-50 
A + B 56-70 30-44 
-
A + B 71-84 16-29 
A 85-100 0-15 
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TABLE 4 BULK DENSITY, % FIELD MOISTURE, % MOISTURE AND 
LOSS-ON-IGNITION 
Profile and Horizon Depth Bulk Field Moisture LOI 
(em) Density Moisture (%) (%) 
(g/em3) (%) 
Nose 1.1 20 0.2 13.5 86.9 
1.2 5 0.9 48 2.2 11.0 
1.3 5 1.1 38 2.9 9.2 
1.4 10 1.2 28 2.6 7.7 
1.5 20 1.2 26 3.7 7.4 
1.6 20 1.3 29 2.0 5.5 
1.7 20 1.7 5.3 
Sides lope 2.1 15 0.2 9.1 57.3 
2.2 5 1.2 43 3.0 8.4 
2.3 5 1.2 45 3.3 8.0 
2.4 5 1.3 43 3.5 8.0 
2.5 15 1.1 57 4.1 8.7 
Hollow 3.1 5 0.2 13.1 80.5 
3.2 5 0.7 71 4.6 19.0 
3.3 5 1.1 59 3.4 14.2 
3.4 10 1.1 53 3.4 13.2 
3.5 10 1.3 42 2.4 8.6 
3.6 20 1.3 44 2.2 5.5 
3.7 10 1.3 36 2.7 7.1 
Nose 4.1 30 0.2 11.4 74.2 
4.2 5 1.1 50 2.6 8.9 
4.3 5 1.3 41 2.8 9.8 
4.4 10 1.3 37 3.2 9.5 
4.5 20 1.3 41 2.7 6.4 
4.6 10 1.3 39 3.1 6.3 
Sideslope 5.1 6 0.2 9.6 55.3 
5.2 5 0.7 67 4.7 16.5 
5.3 5 1.1 46 4.3 11.9 
5.4 10 1.0 46 5.2 12.5 
5.5 10 1.1 43 4.2 10.1 
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TABLE 4 Cont 
Profile and Horizon Depth Bulk Field Moisture LOI 
(em) Density (%) (%) (%) 
(g/em3 ) 
Hollow 6.1 5 0.1 11.1 73.0 
6.2 5 0.9 74 3.7 14.6 
6.3 5 1.0 60 3.1 10.5 
6.4 10 1.2 51 3.1 9.2 
6.5 10 1.3 46 3.1 8.7 
6.6 10 1.1 56 207 7.2 
6.7 20 1.0 64 3.0 7.3 
6.8 20 1.0 72 4.1 9.8 
Nose i.1 18 0.2 4.7 92.2 
7.2 5 0.8 79 2.7 11.3 
7.3 5 1.2 43 3.2 8.1 
7.4 10 1.3 36 4.0 9.8 
7.5 15 1.2 34 4.6 10.9 
Sides lope 8.1 4 0.1 10 09 77 .1 
8.2 5 0.9 43 4.7 14.3 
8.3 5 0.9 47 4.1 9.7 
8.4 10 0.9 48 4.2 9.5 
8 05 20 0.9 52 5 05 11.9 
8.6 20 1.2 40 3.4 9.2 
8.7 20 1.4 34 3.9 7.9 
Hollow 9.2 5 0.9 81 2.9 11.5 
9.3 5 1.0 68 2.3 7.6 
9.4 10 1.2 52 2.0 6.6 
9.5 10 1.2 53 2.1 5.3 
9.6 10 1.1 63 1.6 5.1 
9.7 20 1.0 71 1.8 6.0 
TABLE 4 Cont 
Profile and Horizon Depth Bulk 
(em) Densi ty 
Nose 10.1 15 0.1 
10.2 15 0.7 
lO.3 5 1.2 
10.4 10 1.3 
10.5 20 0.9 
10.6 l5 1.3 
Sideslope l1.1 11 0.1 
11.2 5 l . O 
11.3 5 1.2 
11.4 10 1.2 
11.5 20 0 . 9 
Nose 12.l 10 O.l 
12.2 5 1.1 
12.3 5 l.2 
12.4 lO 1.2 
12.5 20 1.0 
12.6 lO 1.0 
Sides lope 13.1 10 0.1 
13.2 5 0.5 
13.3 5 0.8 
13.4 10 0.7 
13.5 20 0.9 
13.6 20 0.9 
Field 
(%) 
74 
37 
42 
74 
30 
71 
40 
40 
73 
46 
46 
42 
56 
47 
85 
70 
75 
77 
72 
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Moisture Lor 
(%) (%) 
9.6 61.6 
3.4 16.6 
3.3 10.5 
4.0 9.2 
5.6 6.5 
3.4 7.4 
11.4 72.1 
2.9 12.4 
2.5 8.6 
3.0 8.1 
4.1 10.3 
11.7 77 .9 
2.9 9.3 
3.2 7.9 
3.9 8.8 
4.4 8.9 
4.0 8.4 
9.0 50.4 
6.0 19.4 
6.9 19.1 
7.7 22.6 
8.0 19.7 
8.0 17.2 
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TABLE 4 Cont 
Profile and horizon Depth Bulk Field Moisture Lor 
(cm) Density (%) (%) (%) 
Nose 14.1 5 0.4 7.8 47.7 
14.2 5 0.6 60 2.9 9.7 
14.3 5 0.7 67 3.2 10.4 
14.4 10 0.9 58 3.6 9.8 
14.S 20 1.1 S2 3.7 8.2 
14.6 20 1.2 31 3.7 7.0 
14.7 20 1.2 35 2.S 4.1 
14.8 20 1.1 41 2.4 3.3 
Sideslope lS.1 2 0.1 10.0 63.0 
lS.2 5 0.9 80 4.8 16.7 
15.3 S 1.0 75 4.3 11.1 
15.4 10 1.3 20 4.9 12.6 
15.S 5 4.1 9.8 
A dash indicates the analysis was not determined 
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TABLE 5 pH AND ESTIMATED CEe 
Profile and Horizon Depth pH CEC 
(em) (H2O) (KC1) (me/lOOg) 
Nose 0 1.1 20 3.5 2.5 110.3 
1.2 5 3.9 3.0 14.0 
A 
1.3 5 4.3 3.6 11. 7 
1.4 10 4.5 3.8 9.8 
B 1.5 20 4.8 4.2 9.4 
1.6 20 5.1 4.5 7.0 
~.7 20 5.0 4.3 6.7 
Sideslope 0 2.1 ~5 3.5 2.5 72.8 
2.2 5 3.8 3.0 10.7 
A 
2.3 5 4.5 3.0 10.1 
B 2.4 15 4.8 4.1 10.1 
Hollow 0 3.1 5 3.7 2.9 102.2 
3.2 5 3.8 3.~ 24.1 
A 
3.3 5 3.8 3.2 18.0 
3.4 ~o 4.0 3.3 16.7 
B 3.5 10 4.3 3.6 10.9 
3.6 20 4.5 3.9 7.0 
3.7 10 4.7 4.0 9.0 
Nose 0 4.1 30 3.4 2.4 94.2 
4.2 5 3.6 2.8 11. 3 
A 
4.3 5 3.6 2.8 12.4 
4.4 10 4.2 3.5 12.1 
B 4.5 20 4.7 4.0 8.1 
4.6 10 5.0 4.3 8.0 
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TABLE 5 Cent 
Profile and Horizon Depth pH CEC 
(em) (H2O) (KCl) (me/l DOg) 
Sideslope 0 5.1 6 3.5 2.7 70.2 
5.2 5 3.9 3.1 20.9 
A 
5.3 5 4.0 3.2 15.1 
B 5.4 10 4.0 3.3 15.9 
5.5 10 4.0 3.3 12.8 
Hollow 0 6. J. 5 3.7 2.8 92.7 
6.2 5 4.0 3.2 18.5 
A 
6.3 5 4.0 3.4 13.3 
6.4 10 4.0 3.5 11. 7 
6.5 10 4.3 3.7 11.0 
B 
6.6 10 4.4 3.7 9.1 
6.7 20 4.7 3.9 9.3 
6.8 20 4.7 4 . 0 12.4 
Nose 0 7.1 18 3.4 2.7 117.1 
7.2 5 3.5 2.9 -14.3 
A 
7.3 5 3.7 3.5 10.3 
B 7.4 10 4.3 4.0 12~4 
7.5 15 4.8 4.1 13.8 
Sides lope 0 8.1 4 3.4 2.4 97.9 
8.2 5 4.0 3.2 18.1 
A 
8.3 5 4.3 3.6 12.3 
8.4 10 4.6 4.0 12.1 
B 8.5 20 4.8 4.6 15.1 
8.6 20 5.0 4.7 11. 7 
8.7 20 5.0 4.4 10.0 
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TABLE 5 Cont 
profile and Horizon Depth pH CEC 
(em) (H2 O) (KCI) (me/lOOg) 
Hollow 9.2 5 5.0 3.9 14.6 
A 
9.3 5 4.9 3.9 9.6 
9.4 10 5.1 3.9 8.4 
B 9.5 10 5.4 4.0 6.7 
9.6 10 5.5 4.0 6.5 
9.7 20 5.5 4.0 7.6 
Nose 0 10.1 15 3.5 2.6 78.2 
10.2 5 3.6 2.8 21.1 
A 
10.3 5 3.9 3.0 13.3 
10.4 .10 4.2 3.3 11.7 
B 10.5 20 4.5 3.8 8.2 
10.6 15 4.9 4.3 9.4 
Sideslope 0 11.1 11 3.8 2.9 91.6 
11.2 5 4.0 3.1 15.7 
A 
11.3 5 4.2 3.3 10.9 
B 11.4 10 4.4 3.4 10.3 
11.5 20 4.6 3.9 13.1 
Nose 0 12.1 10 3.4 2.5 98.9 
12.2 5 4.0 3.0 11.8 
A 
12.3 5 4.1 3.4 10.0 
12.4 10 4.6 3.9 11.2 
B 12.5 20 4.9 4.3 11. 3 
12.6 10 4.8 4.1 10.7 
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TABLE 5 Cont 
profile and Horizon Depth pH CEC 
(em) (H2O) (KCI) (me/l00g) 
Sides lope 0 13 . 1 10 3.6 3.0 64 . 0 
13.2 S 4.6 3.9 24.6 
A 
13.3 S 4 .8 4.1 24.2 
.13.4 10 4 .9 4.2 28.7 
B 13.5 20 4 .9 4.3 2S.0 
13.6' 20 4 . 9 4.1 21.8 
Nose 0 14.1 S 3.8 3 . .1 60.6 
14.2 5 4.4 3.4 12.3 
A 
.14.3 S 4.4 3.6 13.2 
1 14.4 10 4.8 3 . 7 12.4 
14 . S 20 5.0 4 . 0 10.4 
B 14.6 20 5 . .1 4.3 8.9 
.14.7 20 5.2 4.2 5.2 
14.8 20 5.1 4.2 4.2 
Sides10pe 0 IS.1 2 4.2 3.3 ' 80.0 
15.2 5 4.6 3.7 21.2 
A 
15.3 S 4.7 3.8 14.1 
B IS.4 10 4.8 3.9 16.0 
15.5 5 5.2 4.2 12.4 
TABLE 6. OXIDISABLE C, TOTAL NAND C/N RATIO 
-
Profile and Horizon Oepth 
(em) (%) 
Nose 0 1.1 20 38.7 
1.2 5 6.1 
A 
1.3 5 3.4 
1.4 10 2.2 
B 1.5 20 1.1 
1.6 20 0.2 
1.7 20 0.2 
Total to:50em 
p profile depth 
Sideslope 0 2.1 15 28.4 
2.2 5 3.4 
A 
2.3 5 2.2 
B 2.4 15 1.8 
Total to:50 em 
profile depth 
t1ollow 0 3.1 5 35.0 
3.2 5 11.0 
A 
3.3 5 8.6 
3.4 10 6.2 
B 
3.5 10 3.6 
3.6 20 1.4 
3.7 10 1.2 
Total to:50 em 
profile depth 
Oxid C 
(g;m2xl02) 
154.8 
27.5-
18.7 
26.4 
26.4 
5.2 
5.2 
256.4 
264.2 
85.2 
20.4 
13.2 
11.7 
175.8* 
130.5 
35.0 
38.5 
47.3 
68.2 
46.8 
36.4 
15.6 
272.2 
287.8 
197 
Total N 
(%) 
0.80 
0.22 
0.15 
0.09 
0.07 
0.02 
0.02 
0.72 
0.13 
0.11 
0.10 
0.94 
0.46 
0.34 
0.30 
0.18 
0.08 
0.08 
(9/m2x102 ) 
3.20 
0.99 
0.8~ 
1.08 
1.68 
0.52 
0.52 
8.04 
8.82 
2.16 
0.78 
0.66 
0.65 
6.34* 
4.25. 
0.94 
1.61 
1.87 
3.30 
2.34 
2.08 
1.04 
12.14 
13.18 
C/N 
Ratio 
48 
28 
23 
24 
16 
10 
12 
39 
26 
20 
18 
37 
24 
25 
21 
20 
17 
15 
TABLE 6 Contad 
Profile and Horizon Depth Oxid G 
(em) (%) (g/m2x102) 
Nose 0 4.1 30 28.3 169.8 
4.2 5 7.8 42.9 
A 
4.3 5 4.7 30.6 
4.4 10 3.2 15.6 
B 
4.5 20 1.2 31.2 
4.6 10 0.9 11.7 
Total to: 50em 301.8 
profile ~epth 301.8 
Sideslope 0 S.l 6 20.6 24.7 
5.2 5 8.2 28.7 
A 
5.3 5 4.S 24.8 
B S.4 10 4.2 42.0 
5.5 10 3.3 36.3 
Total to: SO em 244 .4* 
profile depth 156.5 
Hollow 0 6.1 5 27.3 13.7 
6.2 5 7.S 33.8 
A 
6.3 10 5.5 27.S 
6.4 10 4.2 50.4 
6.5 10 3.8 49.4 
B 
6.5 10 3.8 49.4 
6.6 10 2.7 29.7 
6.7 20 2.3 46.0 
6.8 20 3.2 64 .0 
Total to: SOem 227.5 
profile depth 314.5 
(%) 
0.95 
0.27 
0.19 
0.14 
0.07 
0.06 
0.66 
0.30 
0.19 
0.19 
0.14 
0.82 
0.40 
0.32 
0.24 
0.20 
0.20 
O.IS 
0.12 
O.IS 
198 
Total N 
(g/m2xl02 ) 
5.70 
1.49 
1.24 
1.82 
1.82 
0.78 
12.85 
12.85 
0.79 
1.05 
1.05 
1. 90 
1. S4 
10.02* 
6.33 
0.41 
1.80 
1.60 
2.88 
2.60 
2.60 
1.65 
2.40 
3.00 
12.14 
16.34 
GIN 
Ratio 
30 
29 
25 
23 
17 
15 
31 
27 
24 
22 
24 
33 
19 
17 
17 
19 
19 
18 . 
19 
21 
TABLE 6· Conti ci 
Profile and Horizon Depth 
(em) (%) 
Nose 0 7.1 18 33.6 
7.2 5 5.3 
A 
7.3 5 3.5 
7.4 10 3.1 
B 
7.5 15 2.9 
Total to: 50cm 
profile depth 
Sideslope 0 8.1 4 29.1 
8.2 5 7.6 
A 
8.3 5 4.2 
8.4 10 2.9 
B 
8.5 20 2.9 
8.6 20 1.5 
8.7 20 1.3 
Total to: 50em 
profile depth 
Holl ow 9.2 5 4.2 
A 
9.3 5 2.9 
9.4 10 2.2 
9.5 10 1.5 
B 
9.6 10 1.4 
9.7 20 1.9 
Total to: 50em 
profile depth 
Oxid C 
(g/m2x102) 
120.9 
21. 2 
21.0 
40.3 
52.2 
313.3* 
255.6 
11.6 
34.2 
18.9 
26.1 
52.2 
36.0 
36.4 
161.0 
215.4 
18.9 
14.5 
26.4 
18.0 
15.4 
38.0 
112.2 
131. 2 
(%) 
0.93 
0.20 
0.13 
0.12 
0.12 
I 
0.87 
0.26 
0.14 
0.11 
0.13 
0.10 
0.08 
0.29 
0.20 
0.16 
0.13 
0.11 
0.13 
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Total N 
(9/m2 x102 ) 
3.35 
0.80 
0.78 
1. 56 
2.16 
10.92* 
8.65 
0.35 
1.17 
0.63 
0.99 
2.34 
2.40 
2.24 
6.68 
10.12 
1.31 
1.00 
1. 92 
1. 56 
1. 21 
2.60 
8.30 
9.60 
CIN 
Ratio 
36 
26 
27 
26 
24 
34 
29 
30 
26 
22 
15 
17 
14 
14 
14 
12 
13 
J.4 
TABLE 6' Cont'd 
Profile and Horizon Depth Oxid C 
(em) (%) 
Nose O. 10.1 15 26.3 
10.2 5 7.4 
A 
10.3 5 4.3 
10.4 10 2.9 
B 10.5 20 3.3 
10.6 15 0.9 
Total to: 50em 
profile depth 
Sideslope 0 11.1 11 28.1 
11.2 5 7.1 
A 
11.3 5 4.7 
B 11.4 10 3.4 
11. 5 20 3.5 
Total to: 50cm 
profile depth 
Nose 0 12.1 10 36.7 
12.2 5 3.4 
A 
12.3 5 2.3 
12.4 10 2.3 
B 
12.5 20 2.3 
12.6 10 1.7 
Total to: 50em 
profil e depth 
(gim2x102) 
39.5 
25.9 
25.8 
37.7 
59.4 
17.6 
199.9 
205.9 
30.9 
35.5 
28.2 
40.8 
63.0 
240.3* 
198.4 
36.7 
18.7 
13.8 
27.6 
46.0 
17.0 
159.8 
159.8 
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Total N 
(%) 
0.68 
0.27 
0.16 
0.13 
0.15 
0.07 
0.80 
0.25 
0.19 
0.14 
0.14 
0.83 
0.14 
0.10 
0.10 
0.09 
0.09 
(g;m2X102) 
1.02 
0.95 
0.96 
1.69 
2.70 
1.37 
8.22 
8.69 
0.88 
1.25 
1.14 
1.68 
2.52 
9.12* 
7.47 
0.83 
0.77 
0.60 
1.20 
1.80 
0.90 
6.10 
6.10 
C/N 
Ratio 
39 
27 
27 
22 
22 
13 
35 
29 
25 
24 
25 
44 
25 
23 
23 
25 
19 
TABLE 6 Cont'd 
Profile and Horizon Depth Oxid C 
(em) (%) (g/m2xl0~) 
Sideslope 0 13.1 10 22.9 22.9 
13.2 5 7.6 19.0 
A 
13.3 5 7.4 29.6 
13.4 10 7.7 53.9 
B 
13.5 20 5.7 102.6 
13.6 20 4.3 77 .4 
Total to:50em 266.7 
profile depth 305.4 
Nose 0 14.1 5 24.1 48.2 
14.2 5 5.6 16.8 
A 
14.3 5 5.1 17.9 
14.4 10 4.2 37.8 
14.5 20 2.2 48.4 
B 14.6 20 1.4 33.6 
14.7 20 0.6 14.4 
14.8 20 0.5 11.0 
Total to: 50em 185.9 
profile depth 228.1 
Sideslope 0 15.1 2 22.6 4.5 
15.2 5 4.7 21.2 
A 
15.3 5 2.3 11.5 
B 15.4 10 3.5 45.5 
15.5 5 1.0 6.5 
Total to: 50em 173.9* 
p ~ofile dep th 89.2 
* Estimate of total to 50em 
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Total N 
(%) 
0.62 
0.37 
0.29 
0.34 
0.25 
0.19 
0.66 
0.21 
0.22 
0.18 
0.13 
0.09 
0.05 
0.05 : 
0.81 
0.28 
0.25 
6.24 
0.09 
(g/m2xl0~ ) 
0.62 
0.93 
1.16 
2.38 
4.50 
3.42 
11.30 
13.01 
1.32 
0.63 
0.77 
1. 62 
2.86 
2.16 
1.20 
1.10 
8.28 
11.66 
0.16 
1.26 
1. 25 
3.12 
0.59 
12.60* 
6.38 
j 
C/N 
Ratio 
37 
20 
26 
23 
23 
23 
37 
27 
23 
18 
17 
16 
11 
10 
28 
17 
9 
15 
11 
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TABLE 7 ~,1EAN VALUES FOR OXIDISABLE G, TOTAL N AND GIN RATIO 
Landscape Sample Oxid G Total N GIN Size of 
body % % Ratio Sample 
Organic layers 31. 3 0.81 39 6 
Nose Topsoil s 4.9 0.19 26 12 
Subsoil s 1.7 0.08 17 21 
Organic layers 25.3 0.75 34 6 
Sideslope Topsoil s 5.4 0.23 24 12 
Subsoil s 2.6 0.13 21 11 
Organic layers 31.2 0.88 35 2 
Hollow Topsoil s 6.6 0.34 19 6 
Subsoils 2.7 0.16 17 13 
Organic layers 28.7 0.79 36 14 
Va 11 ey ba sin Topsoils 5.4 0.23 27 30 
Subsoils 2.0 0.12 18 45 
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Profile and Depth Si02 A1203 Fe203 Si02 A1 203 Fe203 
horizon below 0 (%) (g/m2x102) 
(em) 
Nose 1.2 5 0.002 0.25 0.26 0.008 1.13 1.17 
1.3 5 0.004 0.51 0.96 0.018 2.81 5.28 
1.4 10 0.002 0.72 0.87 0.011 8.64 10.4 
1.5 20 0.19 1.53 0.33 4.63 36.7 7.92 
1.6 20 0.29 1.18 0.11 7.57 30.6 2.86 
1.7 20 0.16 0:80 0.07 4.24 20.8 1.82 
... 
Total to: 50em 8.45 64.6 26.6 
profile depth . 16.4 101 29.8 
Side- 2.2 5 0.004 0.62 1.53 0.024 3.72 9.18 
Slope 2.3 5 0.019 0.77 2.15 0.114 4.62 12.9 
2.4 15 0.088 1.44 1.67 0.572 9.36 10 .8 
Total to: 50em 1.42* 35.4* 65.8* 
profile depth 0.71 17.7 32.9 
Hall ow 3.2 I 5 0.004 0.76 0.44 0.014 2.66 1.54 
3.3 5 0.004 0.66 0.37 0.022 3.63 2.04 
3.4 10 0.002 0.82 0.40 0.022 9.02 4.40 
3.5 10 0.006 0.72 0.79 0.078 9.36 10.2 
3.6 20 0.011 0.75 1.06 0.29 19.5 27.5 
3.7 10 0.034 1.12 0.64 0.44 1~ .5 8.32 
Total to: 50cm 0.42 44.1 45.8 
profile depth 0.86 58.7 54.1 
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TABLE 8 Cont'd 
Profil e and Depth Si02 A1 203 Fe203 S;02 A1 203 Fe203 
horizon below a (%) (g/m2x102) 
(em) 
Nose 4.2 5 0.001 0.38 0.10 0.006 2.02 0.55 
4. 3 5 0.002 0.49 0.66 0.013 3.19 4.29 
4. 4 10 0.006 0.73 1.20 0.078 9.49 15.6 
4.5 20 0.017 0.86 1. 56 0.44 22.3 40.5 
4.6 10 0.073 1.11 1.09 0.95 14.4 14.1 
Total to: 50em. 1.48 51.5 75.1 
profile depth 1.48 51.5 75.1 
S;de- 5.2 5 0.013 0.79 1.12 0.046 2.77 3.n 
Slope 5.3 5 0.013 0.75 1. 74 0.072 4.13 9.57 
5.4 10 0.011 0.86 1.87 0.11 8;60 18.7 
5.5 10 0.013 0.74 1.63 0.14 8.14 17.9 
Total to: 50em 0.62* 25.8* 83.5* 
profile depth 0.37 15.5 50.1 
Hollow 6.2 5 0.004 0.66 0.30 0.018 2.97 . 1.35 
6.3 5 0.002 0.53 0.50 0.010 2.65 2.50 
6.4 10 0.002 0.52 0.32 0.024 6.24 3.84 
6.5 10 0.004 0.72 0.33 0.052 9.36 4.29 
6.6 10 0.002 0.82 0'.46 0.022 9.02 5.06 
6.7 20 0.011 0.92 0.27 0.22 18.4 5.40 
6.8 20 0.043 1.47 0.13 0.86 29.4 2.60 
Total to: 50em 0.24 39.4 19.7 
profile depth 1.20 78.0 25.0 
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TABLE 8 Cont'd 
Profile and Depth Si02 A1 203 Fe203 Si02 A1 203 Fe203 
horizon below 0 (%) (g/m2x102) 
(em) 
Nose 7.2 5 0.004 0.27 0.33 0.016 1.08 1.32 
7.3 5 0.004 0.44 0.96 0.024 2.64 5.76 
7.4 10 0.028 0.84 1. 39 0.36 10.9 18.0 
7.5 15 0.073 1. 33 1.44 1. 31 23. 9 25.9 
Total to: 50em 2.45* 55.1* 72.9* 
profile depth 1.71 38.5 51.0 
Side- 8.2 5 0.011 0.80 1.13 0.050 3.60 5.09 
slope 8.3 5 0.015 0.92 1. 30 0.068 4.14 5.85 
8.4 10 0.090 1.51 1.57 0.81 13.5 14.1 
8.5 20 0.55 3.24 1.87 9.90 58.3 33.6 
8.6 20 0.38 2.61 1.61 9.09 62.6 38.6 
8.7 20 0.18 1. 51 0.93 5. 09 42.2 26.0 
Total to: 50em 15.4 111. 78.0 
profile depth 22.0 185. 123. 
Holl ow 9.2 5 0.009 0.43 0.80 0.041 1.94 3.60 
9.3 5 0.004 0.33 0.68 0.020 1.65 3.40 
9.4 10 0.004 0.30 0.50 0.048 3.60 6.00 
9.S 10 0.004 0.27 0.35 0.048 3.24 4.20 
9.6 10 0.004 0.26 0.24 0.044 2.86 2.64 
9.7 20 0.004 0.26 0.30 0.080 5.20 6.00 
Total to: SOem 0.24 15.9 22.8 
profile depth 0.28 18.5 25.8 
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TABLE 8 Cont'd 
Profile and Depth Si02 A1 203 Fe203 Si02 A1 203 Fe203 
horizon below 0 (%) (glm2x102) 
(em) 
Nose 10.2 5 0.002 0.27 0.32 0.007 0.95 1.12 
10.3 5 0.002 0.34 1.32 0.012 2.04 7.92 
10.4 10 0.009 0.70 1.97 0.12 9.10 25.6 
10.5 20 0.077 1. 71 2.61 1.39 30.8 47.0 
10.6 15 0.22 1.40 0.84 4.25 27.3 16.4 
Total to: 50em 4.33 60.9 92.4 
profile depth 5.73 69.9 97.9 
Side- 11.2 5 0.002 0.41 0.17 0.010 2.05 0.85 
slope 11.3 5 0.006 0.44 0.28 0.036 2.64 1.68 
11.4 10 0.009 0.66 0.70 0.11 7.92 8.40 
11.5 20 0.049 1.44 0.78 0.88 25.9 14.0 
Total to: 50em 1.30* 48.2* 31.2* 
profile depth 1.04 38.5 25.0 
Nose 12.2 5 0.017 0.39 1. 28 0.094 2.15 7.04 
12.3 5 0.015 0.62 1.67 0.090 3.72 10.0 
12.4 10 0.062 1.20 1. 53 0.74 14.4 18.4 
12.5 20 0.18 1. 97 1.46 3.94 39.4 29.2 
12.6 10 0.14 1. 37 1.41 1.41 13.7 14.1 
Total to: 50em 6.28 73.4 78.7 
profile depth 6.28 73.4 78.7 
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TABLE 8 Cont'd 
Profil e and Depth Si02 A1 203 Fe203 Si02 Al 0 Fe 0 2 3 2 3 
horizon below 0 (%) (g/m2x102) 
(em) 
Side- 13.2 5 0.096 2.05 1.60 0. 24 5.13 4.00 
Slope 13.3 5 0.19 3.04 1. 59 0.76 12.2 6.36 
13.4 10 0.31 3.85 1.71 2.16 27.0 12.0 
13.5 20 0.56 4.77 1.34 10.1 85.9 24.1 
13.6 20 0.76 5.08 0.97 13. 6 91.4 17.5 
Total to: 50 em 20.1 176. 55.2 
profile depth 26.9 222. 63.9 
Nose 14.2 5 0.009 0.46 0.50 0.027 1.38 1.50 
14.3 5 0.006 0.52 0.69 0.021 1.82 2.42 
14.4 10 0.011 0.70 0.94 0.099 6.30 8.46 
14.5 20 0.024 1.00 1.20 0.53 22.0 26.4 
14.6 20 0.086 1.32 1.16 2.06 31. 7 27.8 
14.7 20 0.060 0.68 0.70 1.44 16.3 16.8 
14.8 20 0.056 0.66 0.51 1.23 14.5 11. 2 
Total to: 50em 1.71 47.3 52.7 
profile depth 5.41 94.0 94.6 
Side- 15.2 5 0.021 0.63 0.41 0.095 2.84 1.85 
slope 15.3 5 0.041 0.64 0.43 0.21 3.20 2.15 
15.4 10 0.058 0.76 0.58 0.75 9.88 7.54 
15.5 5 0.37 1.41 0.81 2.38 9.17 5.27 
Total to: SOem 6.87* 50.2 33.6* 
profil e depth 3.43 25.1 16.8* 
* Estimate of total to 50em 
TABLE 9 MEAN VALUES FOR OXALATE-EXTRACTABLE Si02, A1 203 
AND Fe203. 
Landscape Mean Value (% of Ign wgt) 
body Sample Si02 Al203 I Fe203 
Nose Topsoils 0.06 0.84 0.98 
Subsoils 0.09 1..09 1.12 
Sideslope Topsoils 0.09 1.09 1.37 
Subsoils 0.24 2.13 1.29 
Hollow Topsoils 0.01 0.65 0.47 
Subsoils 0.01 0.69 0.45 
Valley-basin Topsoils 0.05 0.86 0.94 
Subsoils 0.11 1.30 0.95 
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Size of 
Sample 
12 
20 
12 
14 
6 
13 
30 
47 
: 
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TABLE 10. TOTAL P FOR SELECTED PROFILES 
Profile and Depth below 0 Total P 
horizon horizon (em) (ugl g) (g/m2 ) 
Nose 10.2 5 254 9.5 
10.3 5 206 12.4 
10.4 10 204 26.5 
10.5 20 285 51.3 
10.6 15 407 79.4 
Total to: 50cm 153 
profile depth 179 
Nose 12.2 5 270 14.9 
12.3 5 295 17.9 
12.4 10 292 35.0 
12.5 20 376 75.2 
12.6 10 341 34.1 
Total to: 50cm 177 
profile depth 177 
Nose 14.2 5 447 13.4 
14.3 5 506 17.7 
14.4 10 419 37.7 
14.5 20 349 76.8 
14.6 20 299 71.8 
14.7 20 306 73.4 
14.8 20 266 58.5 
Total to:50cm 182 
profile depth 349 
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TABLE 10 Cont'd 
Profile and Depth below 0 Total P 
hori zon horizon (em) (ug/ g) (91m2 ) 
Sideslope 11. 2 5 252 12.6 
11.3 5 211 13.7 
11.4 10 237 30.8 
. 
11.5 20 330 59.4 
Total to: 50em 146 
profile depth 117 
Hollow 3.2 5 425 14.9 
3.3 5 355 19.5 
3.4 10 205 22.6 
3.5 10 205 26.7 
3.6 20 218 65.4 
3.7 10 254 33.0 
Total to: 50em 149 
profile depth 182 
Hollow 6.2 5 394 17.7 
6.3 5 329 16.5 
6.4 10 329 39.5 
6.5 10 287 37.3 
6.6 10 292 32.1 
6.7 20 265 53.0 
6.8 20 304 60.8 
Total to: 50em 170 
profile depth 247 
TABLE 10 Cont'd 
Profile and Depth below 
horizon 
Hollow 
horizon (em) 
9.2 5 
9.3 5 
9.4 10 
9.5 10 
9.6 10 
9.7 20 
Total to: 50em 
profile depth 
Errors 200 ± 23 ugl 9 PT 
400 ± 29 ugl 9 PT 
* Estimate of total to 50em 
0 Total P 
(ug/g) 
391 
346 
336 
318 
329 
389 
211 
( 91m2) 
17.6 
17.3 
40.3 
38.2 
36.2 
189 
227 
TABLE II QUARTZ (IOO)/PLAGIOCLASE (002) INTENSITY 
RATIO FOR SILT FRACTION (20-~) 
HOLLOW CATENA 
Profile and horizon Ratio 
Eluvial 3.3 5.7 
3.4 4.2 
3.5 4.8 
3.7 2.3 
Transluvial 6.3 2.9 
6.4 2.3 
6.6 1.9 
6.8 1.6 
Illuvial 9.3 0.9 
9.4 1.0 
9.5 1.0 
9.7 0.7 
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TABLE II Cont'd 
NOSE CATENA 
Profile and Horizon Ratio 
Eluvial 10.3 8.6 
10.4 5.6 
10.5 2.9 
10.6 0.7 
Transluvial 12.2 2.3 
12.3 1.9 
13.4 1.6 
12.6 1.1 
Illuvia1 14.3 _ 1.0 
14.4 1.1 
14.6 1.1 
14.8 1.5 
214 
TABLE 12: MINERALOGY OF THE « 20m) CLAY FRACTION 
Sample Phyllosilicates Other 
minerals 
M V M-V IntM-V-S S IntM-V- V-Pch K F Q 
Pch 
Eluvial 
3.3 * - - *** - - - ** - * 
3.4 * - - *** - - - ** - * 
3.5 * *** * - - - - ** - * 
( 
3.7 * - - - - * *** ** - * 
Transluvial 
6.3 ** - * ** - - - ** - * 
6.4 ** - * ** - - - ** - * 
6.6 * - - - - * *** ** - * 
6.8 * - - - - * *** ** - * 
Illuvial 
9.3 * - - - - ** ** ** - * 
9.4 * - - - - ** ** ** - * 
9.5 * - - - - ** ** ** - * 
9.7 * - - - - ** ** ** - * 
Eluvial 
10.3 ** - - ** - - - ** - * 
10.4 * *** * - - - - ** - * 
10.5 * - - - - * *** ** - * 
10.6 * - - - - * *** ** - * 
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TABLE 12: Cont'd 
sample Phyllosilicates Other 
minerals 
M V M-V IntM-V-S S IntM-V- V-Pch K F Q 
Pch 
Transluvial . 
12.2 ** - ** * - - - ** - * 
12.3 ** - ** * - - - ** - * 
12.4 * *** - - - - - ** - * 
.12.6 - - - - - * *** ** - * 
Illuvial 
14.3 ** 
- -
** - - - ** - * 
14.4 ** - ** - - - - ** - * 
14.6 * - - - - ** ** ** - * 
14.8 * - - - - ** ** ** - * 
Podzol 
, 
.1 - - - *** - - - ** * * 
2 - - - *** - - - ** * * 
3 * *** - - - - *** ** * * 
4 * - - - - - - ** * * 
Gley 
Podzol 1 * - ** * - - - ** * 
2 * - - - - ** *** ** * 
3 * - - - - ** *** ** I * 
* Trace to Minor Component, ** Major component, ***dominant component 
M, mica; v, vermiculite; S, smectite; Pch, pedogenic chlorite; 
K, Kaolinite; F, feldopar; Q, quartz; Int, interstratified. 
A dash indicates that the mineral was not identified by X-ray 
diffraction. 
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FIGURE 16: TEXTURE TRIANGLE FOR SIX SAMPLES PREPARED FOR 
MINERALOGICAL ANALYSIS 
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FIGURE 33:X-RAY DIFFRACTOGRAMS OF < 2 }lm FRACTION FROM SAMPLES 
3.3, 3.4, 3.5 AND 3.7; THE LOWER ~ UPPER, MID, AND LOWER B HORIZONS 
RESPECTIVELY OF PROFILE 3 IN HOLLOW ZONE. (Mg-Saturated/glycerol (a); 
K-saturated, 20°C (b); 3500C (c); 5500C: (d). 
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FIGURE 34: X-RAYDIFFRACTOGRAMS OF< 2 Jll11 FRACTION FROM SAMPLES 6.3 
AND 9.3; THE LOWER A HORIZONS: 6.8 AND 9.7, THE LOWER B HORIZONS 
OF PROFILES 6 AND 9 IN THE HOLLOW ZONE. (Mg-saturated/glycerol (a); 
K-saturated, 200 C(b) , 3500 C{c), 5500 C(d». 
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FIGURE 35: X-RAY DIFFRACTOGRAMS OF <2 pm FRACTION FROM SAMPLES 10.3 
AND 12.3, THE LOWER A HORIZONS; 10.6 AND 12.6, THE LOWER B HORIZONS 
OF PROrlLES 10 AND 12 IN THE NOSE ZONE. 
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FIGURE 36: X-RAY DIFFRACTOGRAMS OF <2 }lm FRACTION FROM SAMPLES 
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APPENDIX 1 GEOLOGICAL TIME SCALE (N.Z. Atlas, 1976) 
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APPENDIX 2 
LIST OF PLANT NAMES 
COMMON NAME 
Bracken fern 
Coprosma 
Hall's totara 
Hard beech 
Kamahi 
t~i ro 
Mountain Beech 
Pepper tree 
Quintin;a 
Red beech 
Silver beech 
Southern rata 
Umbrella fern 
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SCIENTIFIC NAME 
Pter;dium agu;linum var esculentum 
Coprosma crassifolia 
Podocarpus halli; 
Nothofagus truncata 
Weinmannia recemosa 
Podocarpus ferrugineus 
Nothofagus solandri var cliffort;oides 
Pseudowintera colorata 
Quint;nia acutifolia 
Nothofagus fusca 
Nothofagus menzies;; 
Metros;deros umbel lata 
Gleichenia circ;nata 
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APPENDIX 3 
CORRELATION BETWEEN THE FAO-UNESCO CLASSIFICATION AND THE 
N.Z. GENETIC CLASSIFICATION 
N.Z. GENETIC CLASSIFICATION FAO-UNESCO CLASSIFICATION 
TECHNICAL NAME COMMON NAME 
Podic soils Podzols 
Madenti-podic soils Gley podzols 
Fluvic-podic soils Podzolised yel16w-
brown earth (YBE) 
Fluvic soils Mottled ybe 
Madentic soils Gley soils 
(Provisional) 
Orthic podzols 
Gleyic podzols 
Humic cambisols grading 
to leptic podzols 
Gl eyi c humi. c cambi so 15 
Dystric 91ey soils 
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APPENDIX 4 
FAO-UNESCO SOIL HORIZON DESIGNATIONS 
Capital letters H, 0, A, ·E, B, C and R indicate master horizons, 
or dominant kinds of departure from the assumed parent material. 
Lower case letters are used as suffixes to qualify the master 
horizons in terms of the kind of departure from the assumed 
parent material. 
Arabic figures are used as suffixes to indicate vertical 
subdivision of a soil horizon, and as prefixes to mark 
lithological discontinuites. 
LETTER SUFFIXES 
b. Buried or bisequal soil horizon e.g. 8tb 
c. Accumulation in concretionary form; commonly used in 
combination with another suffix which indicates the nature 
of the concretionary material e.g. Bck, Ccs. 
g. Mottling reflecting variations in oxidation and reduction 
e.g. 8g, Btg, Cg 
h. Accumulation of organic matter in mineral horizons 
e.g. Ah, Bh, only applicable to the A horizon where th~ 
soil is undisturbed. 
k. Accumulation of calcium carbonate. 
m. Strongly cemented, consolidated, indurated; this suffix 
is commonly used in combination with another indicating 
the cementing material e.g. CMk - petrocalcic, BMs-ion pan. 
n. Accumulation of sodium e.g. Btn. 
p. Disturbed by ploughing or other tillage practices e.g. Ap. 
q. Accumulation of silica e.g. CMq - silicrete layer. 
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r. Strong reduction as a result of ground water influence 
e.g. Cr. 
s. Accumulation of sesquoxides e.g. Bs. 
t. Illuvial accumulation of clay e.g. Bt. 
u. Unspecified; this suffix is used in connection with A and 
B horizons which are not qualified by another suffix but 
have to be subdivided vertically by figure suffixes 
e.g. Aul, Au2, Bul, Bu2. The addition of the u 
is provided to avoid confusion with the former notations 
Al, A2, A3, Bl, B2, B3, in which the figures had a 
genetic connotation. 
w. Alteration in situ as reflected by clay content, colour 
and structure etc, e.g. Bw. 
x. Occurrence of a fragipan e.g. Btx. 
y. Accumulation of gypsum e.g. Cy. 
z. Accumulation of salts more soluble than gypsum e.g. 
A2, Ahz. 
Letter suffixes can be used to describe diagnostic horizons and 
features in a profile: 
Bt - argillic B horizon 
Btn - natric B horizon 
Bw - cambic B horizon 
Bhs, Bh or Bs - spodic B horizon 
Bws - oxic B horizon 
r - strongly reduced gleyic horizon 
9 - mottled layers. 
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APPENDIX 5 
PROFILE DESCRIPTIONS OF SAMPLED SOILS 
Sample No: 1 Grid reference 538/26732i 
Location: Sample valley basin F.R.I. Experimental 
Catchment 4, Mai Mai. 
Position on slope: Ridge 
310 Slope angle: 
Vegetation: Hard beech/kamahi/shrubs 
Parent material: Colluvium from strongly weathered stoney 
gravelly compact sandstone and granite 
conglomerate. 
Profile: 
o 0-20cm very dark reddish brown (lOR 2/2) granular mor; 
abundant fine and medium roots; distinct wavy boundary, 
Ah 20-29 em grayish brown (5YR 4/2) silt loam; friable; 
strongly developed very fine blocky; many fine roots; 
distinct irregular boundary, 
E 29-35cm light yellowish brown (10YR 6/6) sandy silt loam 
with rounded gravels; very friable; moderately developed 
fine blocky; many fine to medium prominent bright brown 
(7.5YR 5/8) mottles at base of horizon; few fine roots; 
indistinct boundary, 
Bsh 1 35-60cm bright yellowish brown (lOYR 6/8) sand loam with 
rounded gravels; very friable; weakly developed fine 
blocky; few fine roots; indistinct boundary, 
Bsh 2 60-100em bright yellowish brown (lOYR 6/6) very stoney 
gravelly sand loam; loose; single grain; 40-50% rounded 
gravels and small to medium stones; distinct wavy boundary, 
Cm on. 
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Sample No: 2 
Location: 
Grid reference: 538.267327 
Sampled valley-basin in F.R.I. Experimental 
Catchment 4, Mai Mai 
Position on Slope: 
Slope Angle: 
Vegetation: 
Parent material: 
Profile: 
Sideslope 
350 
Hard beech/kamahi/shrubs 
Colluvium from strongly weathered stoney-
gravelly compact sandstone and granite 
conglomerate. 
o 0-12cm brownish black (7.5R 2/2) granular mor: 
abundant fine, medium and coarse roots; distinct 
wavy boundary, 
Ah 12-17cm brown (7.5YR 4/3) silt loam with rounded 
gravels; friable; strongly developed fine blocky; 
many distinct fine bright brown (7.5YR 5/8) mottles; 
many fine roots; distinct wavy boundary, 
Bsh 1 17-34cm bright brown (7.5YR 5/6) clay loam with 
rounded gravels and small stones; firm; moderately 
developed fine to medium blocky; few fine roots; 
indistinct boundary, 
Bsh 2 34-49cm bright yellowish-brown (lOYR 6/6) gravelly 
stoney sandy clay loam: friable; moderately developed 
fine to medium blocky; few fine roots; 20% rounded 
gravels and small to ~edium stones; distinct 
irregular boundary, 
Bh 49-53cm dark brown (lOYR 3/4) stoney gravelly sandy 
silt loam; friable; moderately developed very fine to 
fine blocky; 40-60% rounded gravels and small to 
em 
medium stones; distinct \1avy boundary, 
on . 
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Sample No: 3 Grid reference: 538/267327 
Location: Sampled valley-basin in F.R.I. Experimental 
Catchment 4, Mai Mai 
Position on Slope: Upper hollow 
Slope angle: 190 
Vegetation: Hard beech/kamahi/shrub and bracken 
Parent r~aterial: Colluvium from strongly weathered stoney-
gravelly compact sandstone and granite 
conglomerate 
Profile: 
o 0-7cm reddish black (lOR 2/1) granular mor; abundant 
fine, medium and coarse roots; distinct wavy boundary; 
Ah 7-27cm very dark brown (7.5YR 2/3) silt loam \'Jith 
rounded gravels; friable; moderately developed fine 
blocky; few fine and medium prominent bright brown 
(7.5YR 5/8) mottles; many fine roots; distinct 
Bswg 1 
Bsvvg 2 
wavy boundary, 
27-58cm dull orange (2.5Y 6/3) and grayish red (2.5Y 5/2) 
gravelly sandy silt loam; firm; moderately developed 
fine prismatic; abundant fine, medium and coarse-
prominent bright brown (7.5YR 5/8) mottles; few fine 
roots; 40-60% rounded gravels and small stones indistinct 
boundary, 
58-72cm grayish red (2.5Y 6/2) gravelly stoney sandy 
silt loam; firm; moderately fine prismatic; few fine 
prominent bright brown (7.5YR 5/8) mottles; 20% 
rounded gravels and small stones; indistinct boundary, 
Chg 72-95cm olive brown (2.5Y 4/4) and dark brown (lOYR 3/4) 
stoney gravelly sand loam; friable; weakly developed 
very fine prismatic; 60-80% rounded gravels and stones, 
em on 
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Sample No: 4 Grid reference: 538/267327 
Location: Sampled valley-basin in F.R.I. Experimental 
Catchment 4, Mai Mai 
Position on Slope: Ridge 
Slope angle: 370 
Vegetation: Hard beech/kamahi/shrubs 
Parent material: Colluvium from strongly weathered stoney-
gravelly compact sandstone and granite 
conglomerate. 
Profile: 
o 0-30cm reddish black (lOR 2/1) granular mor; abundant 
fine, medium and coarse roots; distinct wavy boundary, 
Ah ~O-36cm very dark brown (7.5YR 2/3) silt loam; friable; 
strongly developed fine blocky; abundant fine roots; 
indistinct boundary. 
E 36-44cm dull yellowish brown (lOYR 5/4) gravelly 
sandy silt loam; friable; strongly developed fine to 
medium blocky; many fine distinct bright brown (7.5Y~ 5/8) 
mottles; many fine roots; 15% rounded gravels and small 
stones; indistinct boundary, 
Bsh 1 44-57cm yellowish-brown (lOYR 5/8) stoney gravelly sandy 
clay loam; friable; moderately developed fine to medium 
blocky; few fine roots; 20-30% rounded gravels and small 
stones; indistinct boundary, 
Bsh 2 57-73cm yellowish-brown (lOYR 5/8) very stoney 
gravelly sandy clay loam; friable; weakly developed fine 
blocky; 50-70% rounded gravels and small to medium stones; 
distinct wavy boundary, 
em on. 
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Sample No: 5 Grid reference: 538/267327 
Sampled valley basin in F.R.I. Experimental 
Catchment 4, Mai Mai. 
Location: 
Position on slope: Sideslope 
Slope angle: 400 
Vegetation: Hard beech/kamahi/lancewood and shrubs 
Parent Material: Colluvium from strongly weathered stoney-
gravelly compact sandstone and granite 
conglomerate. 
Profile: 
o 0-6cm reddish black (lOR 2/1) matted mar; abundant fine, 
medium and coarse roots; indistinct boundary, 
Ah 6-14cm brown (7.5Yr 4/3) sandy Silt loam with rounded 
gravels; friable; strongly developed fine nut; 
abundant fine to medium roots; indistinct boundary, 
Bh 14-43cm dark reddish brown (5YR 3/2) very stoney 
gravelly silt loam; firm; strongly developed medium 
blocky; abundant medium to coarse bright brown 
(7.5YR 5/8) mottles; many fine to medium roots; 
30-40% rounded gravels and stones; distinct irregular 
boundary, 
Cm on 
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Sample No; 6 Grid reference: 538/267327 
Location: Sampled valley basin in F.R.I. Experimental 
Catchment 4, Mai Mai. 
Position on slope: Middle hollow 
Slope angle: 270 
Vegetation: ~/kamahi/peppertree, bracken fern and shrubs 
Parent material: Colluvium from strongly weathered stoney-
gravelly compact sandstone and granite 
conglomerate. 
Profile: 
o 0-3cm reddish black (lOR 2/1) matted mar; abundant fine 
roots; distinct wavy boundary, 
Ah 3-25cm brown (7.5YR 4/3) silt loam; friable; moderately 
developed fine blocky; abundant fine roots; indistinct 
boundary, 
Bswg 25-55cm brown (lOYR 4/4) clay loam with rounded fine to 
medium gravels; firm; moderately developed fine to 
medium prismatic; abundant medium to coarse distinct 
dull yellow (2.5Y 6/3) and many fine, medium and coarse 
distinct and prominent bright brown (7.5YR 5/8) 
mottles; few fine roots; indistinct boundary, 
Bh~ 55-74cm dark brown (10YR 3/3) silt loam with rounded 
fine to medium gravels; friable; weakly developed fine 
blocky to fine prismatic; few fine distinct bright brown 
(7.5YR 5/8) mottles; few fine roots; distinct wavy boundary, 
Cm on. 
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Sample No: 7 Grid reference: 538/267327 
Location: Sampled valley basin in F.R.I. Experimental 
Catchment 4, Mai Mai .. 
Position on slope: Upper spur 
Slope angle: 380 
Vegetation: Rimu/hard beech/kamahi/shrubs 
Parent material: .Colluvium from strongly weathered stoney-
Profile: 
gravelly compact sandstone and granite 
conglomerate. 
a O-18cm reddish black (lOR 2/1) granular mor: abundant 
fine, medium and coarse roots; distinct wavy boundary, 
Ah/E 18-29cm dull yellowish brown (10YR 5/3) and dull 
yellow-orange (10YR 6/3) sandy silt loam with rounded 
gravels; friable; strongly developed very fine granular; 
abundant fine, medium and coarse roots; distinct 
irregular boundary, 
Bsh 1 29-43cm bright yellowish brown (lOYR 6/8) and yellowish 
brown (lOYR 5/6) stoney gravelly sandy clay loam; 
friable to firm; moderately developed fine to medium 
blocky; abundant fine to medium roots; 20-30% 
rounded gravels and small to medium stones; indistinct 
boundary, 
Bsh 2 43-63cm yellowish brown (lOYR 5/6) very stoney gravelly 
sand loam; friable; moderately developed very fine to 
fine blocky; many fine roots; 50-60% rounded gravels 
and small to medium stones; indistinct boundary, 
Cm on. 
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Sample No: 8 Grid references: 538/267327 
Location: Sample valley basin in F.R.I. Experimental 
Catchment 4, Mai Mai. 
Position on Slope: Sideslope 
Slope angle: 410 
Vegetation: Hard beech/kamahi/ shrubs 
Parent material: Colluvium from strongly weathered stoney-
gravelly compact sand stone and granite 
conglomerate. 
Profile: 
o 0-4cm very dark reddish brown (7.5R 2/2) matted mor; 
abundant fine, medium and coarse roots; distinct wavy 
boundary, 
Ah 4-9cm dark brown (7.5YR 3/3) gravelly silt loam; 
friable; moderately developed fine granular; abundant 
fine to medium roots; 10% rounded gravels and small 
stones; indistinct boundary, 
Ah/B 9-19cm yellowish brown (10YR 5/6) stoney gravelly silt 
loam; friable; moderately developed fine blocky; 
many fine roots; 10-20% rounded gravels and small stones; 
indistinct boundaries, 
Bsh 1 19-54cm bright yellovJish brovm (10YR 6/8) very stoney 
gravelly clay loam; friable to firm; weak developed 
fine to medium blocky; many fine roots, 30-40% rounded 
gravels and small to medium stones; indistinct boundary, 
Bsh 2 54-100tcrn bright yellowish brown (IOYR 6/6) very 
stoney gravelly sand loam; friable; very weakly 
developed fine blocky; few fine roots; 50-60% rounded 
gravels and small to medium stones, 
Cm on 
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Sample No: 9 Grid reference: 538/267327 
Location: Sample valley basin in F.R.I. Experimental 
Catchment 4, Mai Mai 
Position on slope: Lower hollow 
Slope angle: 350 
Vegetation: Hard beech/broadleaf and treefern/ bracken 
and shrubs 
Parent material: Colluvium from strongly weathered stoney-
gravelly compact sandstone and granite 
conglomerate. 
Profile : 
Ah 0-20cm brown (7.5YR 4/3) silt loam with rounded gravels; 
slightly sticky, slightly plastic; massive structure; 
few fine roots; indistinct boundary, 
Br 20-50cm light gray (7.5Y 7/1) and grayish olive 
(5Y 5/2) stoney gravelly silt loam; sticky, slightly 
plastic, massive structure; few flne roots; 20-30% 
rounded gravels and small to medium stones; indistinct 
boundary, 
BChr 50-70cm brownish black (lOYR 2/3) very stoney gravelly 
silt loam; slightly sticky, slightly plastic; 
massive structure; 50-60% rounded grayish olive 
(7.5Y 5/3) gravels and stones, 
Cm on. 
Sample No: 10 
Location: 
Position on slope: 
Slope angle: 
Vegetation: 
Parent t~aterial: 
Profile: 
270 
Grid reference: 538/267327 
Sample valley basin in F.R.I. Experimental 
Catchment 4, Mai Mai. 
Upper spur 
380 
Hard beech/kamahi/shrubs 
Colluvium from strongly weathered stoney 
gravelly compact sandstone and granite 
conglomerate. 
o 0-15cm reddish-black (7.5 2/1) granular mor; abundant 
fine, medium and coarse roots; distinct sharp boundary, 
Ah/E 15-23cm grayish brown (7.5YR 4/2) sandy silt loam; 
firm; strongly developed fine blocky; many fine and 
medium roots; distinct wavy boundary, 
Bsh 1 23-43cm yellowish-brown gravelly sandy clay loam; 
firm; strongly developed fine to medium blocky; 
few fine distinct bright brown (7.5YR 5/8) mottles; 
few fine roots; 10% rounded gravels; indistinct boundary, 
Bsh 2 43-83cm yellowish-brown (10YR 5/8) very stoney gravelly 
sand loam; friable; weakly developed fine blocky; 
few fine roots; 50-60% rounded gravels and small to 
medium stones, 
em on. 
Sample No: 11 
Location: 
Position on slope: 
Slope angle: 
Vegetation: 
Parent materi al : 
Profil e: 
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Grid reference 538/267327 
Sample valley basin in F.R.I. Experimental 
Catchment 4, Mai Mai 
Sideslope 
31° 
Hard beech/kamahi/shrubs 
Colluvium from strongly weathered stoney 
gravelly compact sandstone and granite 
conglomerate. 
o 0-11cm very dark reddish brml/n (7.5R 2/2) granular mar; 
abundant fine to medium roots; distinct sharp boundary, 
Ah 11-25cm grayi sh brown (5YR 4/2) s i 1 t loam \,/ith rounded 
gravels; friable; moderately developed fine blocky; 
few faint distinct bright brown (7.5YR 5/8) mottles; 
many fine to medium roots; indistinct boundary, 
Bh 25-45cm dark brown (lOYR 3/4) very stoney gravelly 
sandy silt loam; friable; weakly developed fine blocky; 
abundant fine, medium and coarse bright brown 
(7.5YR 5/8) mottles; few fine roots; 30-40% rounded 
gravels and small to medium stones; distinct wavy 
boundary, 
Cm on. 
Sample No: 12 
Location: 
Position on slope: 
Slope angle: 
Vegetation: 
Parent Material: 
Profile: 
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Grid reference: 538/267327 
Sample valley basin in F.R.I. Experimental 
Catchment 4, Mai Mai. 
Niddle spur 
33° 
Hard beech/Kamahi/shrubs 
Colluvium from strongly weathered stoney 
gravelly compact sandstone and granite 
conglomerate. 
o O-IDcm reddish blac~ (lOR 2/1) granular mor; abundant 
fine, medium and coarse roots; distinct wavy boundary, 
Ah/E 10-16cm brown (7.5YR 4/3) gravelly sand loam; friable 
to firm; strongly developed fine blocky; few fine 
prominent bright reddish brown (5YR 5/8) mottles; 
many fine roots; 10-20% rounded gravels; indistinct 
boundary, 
Bsh 16-38cm brown (10YR 4/6) very stoney gravelly silt loam; 
friable; moderately developed fine blocky, abundant 
fine, medium and coarse prominent bright brown 
(7.5YR 5/8) mottles; few fine roots; 40-50% rounded 
gravels and small stones; distinct wavy boundary, 
Cm on. 
Sample No: 13 
Location: 
Position on slope 
Slope angle: 
Vegetation: 
Parent material: 
Profile: 
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Grid reference: 538/267327 
Sample valley basin in F.R.I. Experimental 
Catchment 4, ~1ai Mai 
Sideslope 
270 
Hard beech/kamahi and broadleaf/shrubs 
Colluvium from strongly weathered stoney 
gravelly compact sandstone and granite 
conglomerate. 
o O-IOcm reddish black (10YR 2/1) granular mor, abundant 
fine to medium roots; indistinct boundary, 
Ah 10-22cm brownish black (7.5 YR 3/3) silt loam with 
rounded gravels; very friable; moderately developed 
fine crumb; abundant fine to medium roots; indistinct 
boundary, 
Ah/B 22-29cm dark brown (7.5YR 3/4) stoney gravelly 
sandy silt loam; very friable; moderately developed 
fine granular, abundant fine roots; 10-20% round 
gravels and small stones; indistinct boundary, 
Bsh . 29-50cm brown (10YR 4/6) gravelly sandy clay loam; 
friable to firm; moderately developed fine blocky; 
few fine roots; 20-30% rounded gravels; distinct 
irregular boundary, 
em on 
Sample No: 14 
Location: 
Position on slope: 
Slope angle: 
Vegetation: 
Parent material: 
Profil e: 
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Grid reference: 538/267327 
Sample valley basin in F.R.I. Experimental 
Catchment 4, Mai Mai. 
Lower spur 
33° 
Hard beech/kamahi and lancewood/bracken and 
ferns 
Colluvium from stongly weathered stoney 
gravelly compact sandstone and granite 
conglomerate. 
o 0-3cm reddish black (lOR 2/1) matted mor; abundant fine, 
medium and coarse roots; distinct wavy boundary, 
30-40% rounded gravels. 
Ah 3-11cm grayish yellow-brown (lOYR 4/2) very stoney 
gravelly sandy silt loam; very friable; strongly 
developed fine granular; abundant fine, medium and 
coarse roots; 30-40% rounded gravels and small stones; 
indistinct boundary, 
Ah/B 11-18cm brown (10YR 4/4) gravelly silt loam; very 
friable; strongly developed fine granular to fine 
blocky structure; many fine distinct bright brown 
(7.5YR 5/8) mottles; abundant fine to medium roots, 
15% rounded gravels; indistinct boundary, 
Bsh 1 18-45cm yellowish brown (IOYR 5/6) stoney gravelly 
clay loam; friable, moderately developed fine 
blocky; fe\'J fine and medium distinct bright reddish 
brown (5YR 5/8) mottles; few fine roots; 20-30% 
rounded gravels and small to medium stones; 
indistinct boundary, 
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Bsh 2 45-70cm bright yellowish brown (lOYR 5/6) very 
stoney gravelly sandy clay loam; friable to firm; 
weakly developed fine blocky to fine prismatic; 
abundant fine, medium and coarse distinct bright 
brown (7.5YR 5/8) and many medium faint light yellow 
(2.5Y 7/4) mottles; few fine roots; 40-50% rounded 
gravels and small to medium stones; indistinct 
boundary, 
Bwg 70-100cm light yellow (2.5 7/4) stoney gravelly 
sandy silt loam; firm, weakly developed fine prismatic; 
many fine and medium distinct bright brown (7.5YR 5/8) 
and bright reddish brown (5YR 5/8) mottles; few fine 
roots; 20-30% rounded gravels and small stones; 
distinct wavy boundary. 
em on. 
Sample No: 15 
Location: 
Position on slope: 
Vegetation: 
Parent Material: 
Profile: 
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Grid reference: 538/267327 
Sample valley basin F.R.I. Experimental 
Catchment 4, Mai Mai. 
Sideslope 
- /kamahi and broadleaf/bracken and ferns. 
Colluvium from strongly weathered stoney 
gravelly compact sandstone and granite 
conglomerate. 
o 0-2cm very dark reddish brown (7.5R 2/2) matted 
mar; abundant fine roots; distinct wavy boundary, 
ABhr 2-10cm dark brown (10YR 3/3) very gravelly silt loam; 
slightly sticky, slightly plastic; massive structure, 
many fine and medium distinct bright brown (7.5YR 5/8) 
mottles; abundant fine roots; 30-40% rounded gravels; 
distinct wavy boundary. 
Bsw lO-15cm bright yellowish brown (2.5Y 6/6) very stoney 
gravelly sand loam; loose; single grain; 60-70% 
round gravels and stones; indistinct boundary, 
Cm on. 
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APPENDIX 6 
CONCEPTUAL MODELS OF SOIL DEVELOPMENT AND SOIL 
DISTRIBUTION IN HILL COUNTRY) CENTRAL SOUTH ISLAND) 
NEW ZEALAND. PART I. THE ANALYSIS OF THE CHANGES IN 
SOIL PATTERN 
P.J. Tonkin, A.W. Young, D.A. McKie, and A.S.Campbell 
Soil Science Department~ Lincoln College~ Canterbury 
I ntmduction 
As a consequence of the preliminary nature of many 'hill soil' 
investigations in New Zealand and the seemingly complex erosional 
and depositional histories of many hill slopes, the soil catena has 
been little used as a method of studying soil variability on sloping 
topography. This paper introduces studies of three soil catenas 
within the Hurunui, Blackball and Katrine soil sets and presents a 
conceptual model of soil development and soil distribution within 
first order valley basins (Huggett, 1975). 
Methods of Study 
The study of soil landscape relationships in hill country 
depends upon the recognition of a basic landscape entity which has 
definable boundaries, such as the first order valley basin. The 
soil pattern within this three dimensional landscape body can be 
described by analysis of an array of two dimensional catenas approx-
imating the flow lines from watershed to thalweg .. Following the 
concepts implicit in catena studies the first order valley basin can 
be stratified into three zones which we have termed (a) an upper 
ELuvial zone of net solute loss, (b) a middle Transluvial zone 
of predominantly lateral solute transfer, and (c) a lower Illuvial 
zone of partial solute accumulation (Hallsworth, 1965). 
Results of Case Studies 
The studies illustrate successive stages in soil development as 
initially judged by changes in soil profile form from yellow brown 
earths to gley podzols. These changes are summarised in Figure 1. 
The FAG-UNESCO soil horizon nomenclature is particularly useful for 
this purpose. By extending the observations from the catena studies 
to the first order valley basin systems the patterns of soil 
distribution illustrated in Figure 2 were observed. 
Discussion 
The recognition of chnnges in soil properties as illustrated in 
these studies is of considerable significance, not only in the definition 
and subsequent delineation of soil associations (Campbell, 1975) but 
also in studies of soil genesis, catchlllent hydrology, agronomic and 
forestry management and soil conservation. The changes in soil profile 
form arc supported by changes in soil chemical properties (part 2). 
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Figure 1: Changes in soil profile form within catenas 
HURUNUI BLACKBALL KATRINE 
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Figure 2: · 
Soil p~tterns within first order valley basins 
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Figure 3: Conceptual model of soil development \lIi thin catenas 
Precipitation increases from approximately 1000 to 2000 mm 
between the Hurunui and Blackball-Katrine study sites. Each of 
these site$ has a similar vegetation history of beech or beech-
podocarp forest, even though the Hurunui site is developed for 
pastoral farming. In each case the soil skeleton subsystem is 
geochemically similar and the differences in soil development can 
be ascribed to differences in landsurface age and to leaching 
potential. The latter is the net r esult of variables such as: 
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soil water balance and interflow characteristics which are in turn 
related to soil texture, permeability, layering of the soil skeletal 
subsystem and slope length. Other factors involved such as soil 
skeleton and plasma composition and solute concentrations will be 
considered in part 2. During soil development there has been a 
progressive expansion of the Eluvial zone at the expense of the 
Transluvial and Illuvial zones (Figure 2). These changes are 
accompanied by a progressive extension of a zone of gley soils. 
In the Hurunui study the clay content of the soils in the EluviaZ 
zone are hig1 ler than in the soils of the Tl'ansZuvia l and IHuvial 
zones; in the Blackball and Katrine studies this trend is reversed. 
The formation of clay and the accumulation of translocated hydrous 
aluminium oxides and humus complexes along the drainage lines, 
reduces the permeability and increases the water holding capacity 
with a consequent increase in reducing conditions. 
In summary the catena studies described suggest the natural 
development of an increasingly acidic soil system with a gradual 
change from a predominantly oxidising environment to one of reducing 
conditions in the lowcr parts of the slope system. A conceptual 
model expressing thc sequ ential nature of these change s within 
catenas is given in Figure 3. This model is further discussed 
in the second part of this paper. 
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CONCEPTUAL MODELS OF SOIL DEVELOPMENT AND SOIL 
" . 
DISTRIBUTION IN HILL COUNTRY J CENTRAL SOUTH ISLAND J 
NEW ZEAlJI.ND. PART II. CHEI"tICAL AND MINERALOGICAL PROPERTIES 
A.W. Young, P.J. Tonkin. D.A. McKie, and A.S. Campbell 
Soil Scienoe Department~ Lincoln College~ Canterbury 
Lateral migration of chemical elements links soils of different 
elevations into "geochemical sequences" or "geochemical catenas" 
(Glavoskaya 1968). Consequently. the genesis and properties of 
soils in sloping topography must be interpreted with respect to the 
landscape as a whole. Particular consideration of factors influencing 
element migration within the soil-landscape sys"tem is vital to 
understanding chemical and mineralogical properties of soils in 
different landscape positions. 
The soil-landscape system as defined in Part I provides a 
convenient unit to study the geochemical relationships between soils 
in sloping relief. This paper illustrates how the chemical and 
mineralogical characteristics of three such systems (described in 
Part 1) can be interpreted in terms of the factors controlling clement 
migration in soils. 
Element Migration in Soils 
Elements released by weathering are either leached, adsorbed, 
reprecipitated or assimilated by plants and organisms. The extent 
to which they are translocated depends on their individual physico-
chemical properties, (particularly their solubility in aqueous systems 
and their interactions with other soil components) and the leaching 
potential of the soil solution. Polynov (1937) concluded that the 
major elements involved in soil formation could be grouped into four 
mobility phases (Table 1). Subsequent studies have shown that this 
order is modified in acid chelating and in reducing environments, 
where the mobility of aluminium and iron in the former, and iron and 
manganese in the latter, are greatly increased (Compton 1960, 
Glavoskaya 1968). 
In environments of low leaching potential only the most mobile 
elements move far from the source of weathering, but as leaching 
intensifies less mobile elements are moved progressively further. 
In sloping topography this results in a spatial separation of elements 
claIm-slope according to relative mobility. With increasing leaching 
potential, elements accumulate in successively lower slope positions. 
Very mobile clements (phases I, II und III, table 1) are commonly 
entirely ~emoved from intensely leached systems. 
Table 1 
iMobil ity 
Whase 
tphase I 
tphase II 
Phase III 
Phase IV 
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Element Mobility Series 
Polynov (1937) Compton (1960), Glazouskaya (1968) 
acid chelating reducing 
- = - = - = Cl S04 Cl S04 Cl S04 
C ++ + ++ K+ ++ + M ++ K+ ++ + a , Na , Mg , Ca , Na I 9 , Ca , Na , Mg 
3+ A1 3+ Fe 2+ Mn 2+ Fe , , 
Si02 , P Si02 , P Si02 , P 
Fe 20 3 , A1 20 3 - A1 20 3 
Case Studies 
The three case studies outlined in Part 1 all display marked 
element redistribution within the catenas studied. In the Hurunui 
and Blackball systems, illuvial sites are enriched with exchangeable 
bases and phosphorus, whereas in the more strongly leached Katrine 
catena, exchangeable bases have been entirely removed from the system 
and aluminium, silica and phosphorus deposited in illuvial sites. 
Considered together, these three systems illustrate the effect of 
increasing leaching potential on the movement of elements (Fig~re 1). 
ELUVIAL- - - - --TRANSLUVIAL- - - - - - oILLUVIAL 
HURUNUI _ _ ___ 
BLACKBALL 
KATRINE 
Figure 1: Element migration within soil catenas 
++ 
, K-i 
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The progressive enrichment of water with solutes as it moves 
downslope, reduces its leaching potential. Consequently illuvial 
sites are commonly less weathered and less leached than trans- and 
eluvial sites in the same environment. This is illustrated by the 
different crystalline clay mineral assemblage in the three catenas. 
(Table 2). 
Table 2 
:SITE 
Crystalline Clay Mineralogy of A and E horizons of 
Hurunui, Blackball and Katrine Catenas 
SLOPE POSITION 
ELUVIAL TRANSLUVIAL ILLUVIAL 
--- -.~ . -.-
-
Hurunui V, P.C. , M P. C. , V, M M, P.C. 
Blackball Sm V 
Katrine Sm 
V. , P.C. 
Sm 
1-1 = Mica 
P.C. = Pedogenic Chlorite 
(Vermiculite 1) 
V Vermiculite 
(Vermiculi te 2) 
Sm = smectite 
TIle recognised weathering sequence for phyllosilicates in the 
environments studies, after Campbell (1974), is: 
/ VERHICULITE ~ 
MICA 1~ ~S~1ECTITE 
~l PEDOGENIC ~ 
CHLORITE 
P.C., 
Sm V 
It is evident from Table 2 that illuvial sites contain appreciably 
less weathered clay minerals than corresponding trans- and eluvial 
sites. It is suggested that the accumulation of exchangeable bases 
and colloidal aluminium in the illuvial sites of respective catenas, 
has effectively reduced weathering in these zones. 
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SCALE 1:1000 approx 
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MAP 3 Dominant Soil Map Units in Catchment 4, Mai Mai Area. 
